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ADVERTISEMENT. 

The branches of mathematics comprehended in this 
volume have usually made a part of the course of instruc- 
tion at the public seminaries of the United States. But 
the best treatises upon these subjects are too extended, 
and of too practical a nature, to be used as a text-book. 
What is here offered is intended to furnish only those 
general principles and leading methods, which afford a 
useful exercise to the learner, and which may be consid- 
ered as belonging to the pursuit of liberal studies. The 
works principally used in preparing this treatise are Cag- 
noli and Bonnycastle's Trigonometry, Delambre's As- 
tronomy, Bezout's Navigation, Puissant and Malortie^s 
Topography. The tables, except those of meridional 
parts and astronomical refractions, are from the stereotype 
plates of Bowditch's Practical Navigator, the correctness 
of which is too well known to need any recommendation. 

An introductory treatise on the Differential and Inte- 
gral Calculus, nearly ready for the press, will complete 
this course of mathematics. It is proposed also soon to 
commence publishing a work on Natural Philosophy, 

adapted to the same class of students. 

JOHN FARRAR, 



Froftfsor of Mathematics and Natural PhiloiophTf 
in the Univenity at Cambridge. 



Cambridge^ May 1823. 
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CHAPTER I. 

Of Projections and the Construction of Charts. 

1. The position of a point in a plane is determined by the 
posifion af any two lines passing through this point, since being 
IB each of these lines k can only be at their intersection. 

When there are several points to be designated, the method 
generally employed consists in taking two lines JiBf AC (Jig. 1), Fjg.l. 
perpendicular to each other, to which all the giren points are 
referred. The point M^ for example, would have its poriti«n 
determined by its distance fh>m each of the lines «ffjB, JiC. In* 
deed if we take A^ equal to the first of these distances, and 
through l{ draw ^M parallel to JiB, the point proposed will be in 
this line ; it will also be in PM parallel to AC, and whose distance 
from AC is equal to the distance of the point JIf 6sm iblA line $ 
the point proposed, therefore, being common to the two lines 
qMf PM9 will be at their intersection JIf. 

2. When the question involves three dimensions, or relates to 
a body, we adopt a method similar to the preceding ; similar, 
indeed, to that employed by architects ; it is that of plans, 
profiles^ and devations. 

When a point is given in space, we can let fkll from this point 
a perpendicular upon an assumed plane, and note the place 
whei*e it meets the plane ; tiiis is called the projection et the git- 
en point, and the assumed plane is cidled the plane of prqjecHan, 

Liet us suppose, for Instance, that all the points of a given 
figure are referred to a horizontal plane ^ tjieir projections would 

Tap. 1 
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be the intersections of a plumb-line meeting this plane fpom 
each point of the given figure, and the lengths of these HneB 
^ill be the altitudes of the points i*espectiTely above their pro- 
jections. 

3. If now vre suppose a plane, raised peipendicidarly to the 
horizontal plane, and let fall upon this second plane perpendicu- 
lars from each point of the given figure, these perpendiculars 
will give a second projection of the given figure representing the 
proper altitude of the several points above the horizontal plane* 
Flff. 2. ' Thus, let BAG {Jig. S) represent a horizontal plane, DJiB a 
vertical plane^, raised upon the line JiB; from the point J!f of a 
given object let fall the perpendicular MM upon the horizontal 
plane, and its foot M' is the horizontal projection of the given 
point. 

From the point .^let fall also the perpendicular tYOT' upon the 
plane DAB, and the point M " is the vertical projection of the 
given point. 

The two lines MM' 9 MM', are evidently in the same plane^ 
since they cut each other. The line M^M*", drawn in the hori- 
sontal plane perpendicularly to the line AB^ the common inter- 
section of the two planes, will be perpendicular to the vertical 
plane, and consequently parallel to MM" ; and these three lines 
will be in the same plane, which is perpendicular to the vertical 
and also to the horizontal plane. It is evident that M"M"' is 
equal to MM\ that is, the vertical projection M* is at the same 
altitude above the horizontal plane as the point M. 

By proceeding in a similar manner with the point P, we should 
have its two projections P^ P' ; and it is manifest that, whUe the 
vertical projections M", P"» give the altitudes of the given 
points above the horizontal plane, the horizontal projections M, 
P, wiU'give the distances of the given points from the vertical 

a 

plane. 

In order to represent the difierent parts of an edifice, an ar- 
chitect assumes a horizontal plane, to which are referred by 
perpendiculars the leading divisions and remarkable points of 
the edifice; the design thus formed is called a plan; next 
another plane is taken in a vertical position, upon which are re- 
ferred such points as are required to be noted, of the altitude at 
which they are actually placed above the horizontal plane. This 
with its delineations is called a section or prafUe, if it is supposed 



to {itss . through the interior^ and the [eltoaiion if it represent 
the outside of the bnSding. 

This meth>df moreover, is made use of to represent the 
heights of objects near the earth's surface, as beacons, towei*s, 
the tops of mottntatmi, &c» ; also the streets of cities, and the 
boundaries of fields, and generally figures occupying, by their 
projections, such a portion of the earth's surface, as may with- 
oat sensible error be considered, as a plane. 

Qf (Mhograpkk PrqjectioH. 

4. According to the method, here given, which is called orOuh 
graphic projection, a straight li ne perpendicular to the plane of pro- 
jection is represented by a point, and a line parallel to the plane of 
projection by a line of the same lengtlu With respect to a straight 
line oblique to the plane of proje^ction, it is represented by the dis- 
tance between the perpendiculars let fall from the extremities 
upon the plane of projection. Let JiB (Jig^ 3), for instance, be-a Fi^. 3. 
line inclined at any angle to the plane of projection FL. AC 
being drawn parallel to FL^ the angle BJiC will be equal to the 
inclination of the line AB to the plane of projection PX, and 
A'B = AC is the projection of the line AU» Now 

AB : AC'.iRi sin ABC or cos BAG (Trig. 30). 
Thus radius is to the cosine of tlie inclination, as the line AB is 
to its projection »d'^'. Therefore if we consider radius unity, (ht \ 
projection of a line is equal to this linCf multiplied by the cosine of its 
inclinatiqn to the plane of projection. If the line AB be consider- 
ed as unity, its projection AC will be the cosine of its Inclina- 
tion simply. 

5« This kind of projection is employed in some cases to re« 
present a spherical surface. The sun and moon appear as cir- 
cles, and the different parts of the hemisphere presented to us 
have apparently the same.relative situation that they would have 
when projected by means of perpendiculars let fall from each 
point upon the plane separating the visible from the invisible 
hemisphere. This is true of any sphere, whose distance compar- 
ed with its diameter is so great that the rays of light proceed- 
ing from it and meeting in the eye may be considered as per- 
pendicular to the plane of projection. 
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Pig. 4. 6. If wo imagine tbe semkiixle DFE ( ^^ 4) rawed per|ieiidi0- 
ularly upon the plane of the paper, the diameter DU reaiainiiig 
in this plane* and suppose tbe perpendiculars FCj IE9 Ice*, let fall 
from all the puin^ts of the circuiDfereBce» these perpentficttiaFS 
would meet the plane of the paper in a series of points formiiig 
the diameter DH. C being tbe centre* the zrc.PE wiU be 90^* 
and its projection CH will be equal to radius^ that is, to tbe sfaie 
of 90"'. In like manner CE :;= LJ=sin FJ will be the pvojec- 
tion of the arc VI. When^ therefirre^ an arc has its plane perpen- 
diciUar U the plane oj pryectUm and its ofigin at the perpendicular 
which passes through the centre, the ortliographic projection of this 
arc is equal to its sine, 

7. If the plane of the circle instead of being perpendicular is 
inclined to the plane of projection, the ordinates FC, IE9 &c.9 
falling upon the diameter, will with their projections CO, EKfitc., 
each make an angle equal to the inclination of tbe two planes^ 
since the ordinates and their projections are respectively perpen- 
dicular to the diameter DJ7, or tbe common intersection of the 
two planes (^Oeom, 349). Hence 

FC : CGiiR : cos inclination (4), 
and IE : EK: : R : cos inclination* &jc^, 

consequently FC.CQiiIE.EK, 

J'iS : JB'lsr, &c. 
But the ordinates in a circle are to the corresponding ordinates 
]n an ellipse in a constant ratio, namely, as Jtbe semitransverse 
to the semiconjugate (Trig. 114). We infer then iXteADICQHf 
tbe projection of tbe inclined simicircle DFFH is a semieDipse* 
of which BC9 equal to FC, is the semitransverse, and CQ tbe semi- 
conjugate.^ Tbe same may be proved by similar reasoning with 
respect to tbe other half of tbe circle. Therefore theotthograph- 
ic projection of an inclined circle is an eUipsCf of which the trans- 
verse is equal ta the duimeter of the dtde, and the conjugate to twice 
the cosine of its indinaiion to the plaue of projection. 

We have supposed the plane of projection to pass through tbe 
centre of the inclined circle. The above theorem, bowever, will 
be true, whatever be tbe distance of the inclined circle from tbe\ 
plane of projection ; for we may always suppose a plane par- 
allel to that on wbich tbe projection is to be made, and passing 
through the centre of the inclined circle, and the figures deter- 
mined by perpendiculars falling upon two parallel phines must 
evidently be the same. 



8. Orthogfspbte projectton is little used fot geographical 
maps, because it is liable ta great errors when the map is of 
considerable extent. The dilTerence between a small arc FF 
and its projection CEf is inconsiderable, and in this case the 
distance between two objects upon the earth's surface may with- 
out setisible error be represented on a map bj the distance CE^. 
But the more the point /approaches towards D or jff, the more 
will the increase of the arc FI exceed the corresponding in- 
crease of its projection CE, and the more considerable will b^ 
the errors in the distances of places thus represented. Suppose 
ijy=60^=2F/; thenCjE or JL/=sin 30*=:f CH(Tng. 18). 
Therefore CE = ^Hf and consequently the distances /i5f, Fl, 
the first of which is double the second upon the globe, will be 
represented upon the map by equal lines. 

The contusiction which takes place toward the plane of pro- 
jection will be evident from iig. 1^, ^hich is an orthographic Fig^. 12. 
prorjection of the sphere upon the plane of the equator, the meri- 
dians, hairing their planes pass through the eye, being represent- 
ed by straight lines, and the parallels of latitude by circles whose 
radii are equal to the sines of their polar distances respectively, 
the radius of the equator being unity. 

Notwithstanding the inconvenience above mentioned, astrono- 
mers advantageously make use of this projection to represent 
and preset the circumstance of an eclipse, because, in this case, 
the question rs not about the respective distances of places, but 
only to describe upon a geographical chart the curves which em- 
brace pretty nearly the countries liable to be eclipsed, or the 
places fmm which the same or different phases may be seen. 

Of Stereographic Projedion. 

9. The rtf^r^entatien ike most convenient for maps, which 
coniiN^li^id a large part of the {^obe, is ob^ in which the eye is 
sitaaled in the surCsice of the sphere, the plane of projection 
passing through the centre parpendicuiar to the diameter which 
1$ directed to the eye. This is eaHed ster eog r a p hi c projection. 

In orthographic projectiOfi the whole surface of a sphere may 
lie represented upon the plane of a great circle as a base, to 
whfcb all the visual rays are perpendicular. In stereographic 
projection only a hemisphere can be represented upon the plane 
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of a great circle^ the eye being supposed at the pole of this cir- 
cle ; it is necessary that the plane of projection should be infi- 
nitely extended to admit of all the points of the sphere being 
represented at once» Each hemisphere^ howevery may be suc- 
cessively represented upon the plane of a great circle, by sap- 
posing the eye first in one pole and then in the opposite pole of 
this circle. 
Fig«5. 10. Ji JiO (fig. 5) be perpendicidar to BDf O being the 
place of the eye, BD wUl repi^sent that part of the plane of pro- 
jection comprehended within a gi*eat circle. This is called the 
primUive circle, being that to which all the others are i*eferred. 
C the centre oj the primUvofy will be the projection of the point Jl, 
the pole of the priwitioe. 

Any circle of the sphere^ if we except those whose plane pas- 
ses through the eye, may be considered as the base of a cone 
formed by rays proceeding from the circumference of this cir- 
cle to the eye ; and when .the circle is parallel to the primitive, 
its representation upon the plane of projection in evidently a cir- 
cle ; since the cone formed, as above described, is a right oonCf 
and every section of a r%ht * cone, made by a plane parallel to 
the base, is a circle. When, however, the circle is oblique to 
the plane of projection, the cone formed by the visual rays is also 
oblique. The circle, for example, which baa for its diameter tho 
chord EFf will be the base of a cone of which OEF is a section 
through the axis. Moreover, the section SAT, made by the 
plane of projection, is the projection of the circle EyF. It is 
proposed to determine the figure of this section. Through x, 
the centre of the circle EyF, suppose a plane to pass parallel to 
the plane of projection, meeting the cone ia S'yT; the two sec- 
tions EyF, S'yT, being perpendicular each to the plane OEF, the 
common intersection x y wUl be perpendicular to the plane OEF, 
and consequently to each of the straight lines E^ and S'ly situ- 
ated in this plane. Then, since the angle 0T8is measured by the 
sum of the arcs OB, l>F,t'or half of ODF, it is equal to OEF, 
which is also measured by half of ODF fOeom. 126 J. 

t Suppose a straight line Ff drawn through the pmnt F parallel to • ^ 
BE J we shall have Bf^Df {Geom. 1 IS), and the angle OFf^OTS. 
But the measure of the angle OFf\% | OBf^ | ODF, therefore this 
is aUo the measure of the angle 0T8.' 



Also, since S^T is parftlkl to 8% the angle OTff is equal to 

^OTSf and consequently equal to OEF. Therefore the triangles 

BxSf TxFf having two angles of the one respectively equal to 

tvro angles of the other, are similar ; whence 

Ex : xT :: 8'x : xF, 

and 

S^x X xT szExx ocF. 

But J^or^ xFf xy, being radii (tf the same circle EffF, 

— * 
Ex X xF=zxy; 

consequently 



ffx X xT^xyi 
and as this is the case however oblique the two sections EyP 
and ffyT' are to each othery that is, upon whatever part of 
^f'T' the ordinate a? y falls, the section 8'yT must be a circle 
{Tng. 103) 

Now suppose a plane OV^ passing through the axis OB!, and 
makingiiny angle With the plane OST, we shall have by sinii- 
lar triangles 

Ojr : OJI : : J(8' : R8 
: : jrjV' : fiJV; 
whence, on account of the common ratio, 

or SS : «J^' i: R8 I BJT. 

But ffS'9 WJ^', are equal, being radii of the sane ciicle ^ conse- 
quently SJS9 E^9 are also equal j and as this is true, whatever an« 
gle the plane OSJr makes with OS'T, the section 8JVT is a cir- .. 
cle. Therefore, in $tereographic projection, every drde of the i^ere, 
whose plane does not pass throu^ ihe^ eye, is represented on tfte 
plane of pr^ecHon by a eirde. 

11. Let P (fig. 6) be the pole of the cii^le EF. The an^esFi;. ^ 
FOE, POF, are equal (Geom. 136) | and the ste-aight line PO, 
bisecting the angle EOF, will divide the diameter EF, and its 
projection 8T into unequal parts, making SK less than KT 

{Geom. 201). Bisect 8T in in, and we shall have 

Cm = distance of the centre of the projected circle frWk the 
centre of the primitive ; and 

6m =: to the radius of the projected circle. Call Cm d, mi 8m r. 

Now, since CS, Cm, CT, are in arithmetical progression 

(Sg. 223), we shall have 



t* J^ieaUmi qf Trigonometry. 

% Cm::^ CfT^ C^ ;^ tang | 4F+ tang } JiB 

^ cos J (^P+PA')cos I {dF^PE} 

'^ Kcos^P+eosjPi?)^ 
and 

CDS wf P + cos P£? ^ / 

In like manner 
2 iSf m :=z OT ^ CS = tang | w9F~ tang | AE 

"" cos i JiF cos I w«i? 

_ SIP (I ,tfF-^ \ JE) tt 

: "" COS I (U«P+Pj;>cus ^ (dP-^FE) 

sin PiS 



J (cos w(IP -f. cos FE) 

and 

cos *»P + CtJS PJP ^r") 



■•^ 



t The fiMTJimkltng ek+^wig O'?*"* — ^^" A C*^* 29X 

tang J •ap + tang M^ = !lia^ ±i^ 
^' ^* cos|wiPcos^.d£. 

MB, AF^AF^ beiBs: by conrtructioa in arithmetical progression^ 
Moreover from the formula 

£ 

COS fl + COS ft = — cos i (a + h) cos | (a — 5) (TH^, 29), 

if we fmi ii i8 t, a 38 .^and 6 s;* PE, and divide both aumbers by 
2^ we shall have 

\ (cos. •iP+ 008 FE) « cos I (.aP + PB) cos ^ (jflP-^ PB.) 

tt It will be observed that the steps in this investigation do not dif- 
fer from those just explained, except in the applicaUon of the fonniK- 
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XfU Suppose PE (fig. 7) = 0, and tbe formula Fif^ 7. 

, sin ^P 

"" cos Jit + COS P^ 
eince cos = 1^ becomes 

A — '^n JiP _ 2 8in|>^Pco8 4.^P t _ sin \ AP 
■" cos ^P + 1 "■ 2 (cos| JP)* ^ cos i AP 

= tang I wJP. 
The formula (S) in this case becomes 

sin Pg _ 

■" COS JP + cos PE ^ 
Thus the circle is reduced to a point, namely, the pole, and the 
projection of this pole will be the point K% and CK^ tang \ AP. 
Therefoi-e the projection of a point P has for its distance from 
the centre cf the prindtvoe the tangent of half its distance on the 
sphere from the pole of the primitive. 
13. If PE = 180'', r is still = 0, but 
_ sin wgP _ ^in JtP _ sin AP 

"" cos dP + cos PE "" cos JiP + C09 180* "" cos *dP— 1 

g8in|ttfPco8|.aP 
* — 2{8in4^P)« i 

cos I AP 



sin I AP 
cot| JP. 



la for the difference of the tangents instead of that for the sum. It 
is obvious that AF^AP + P£, and AE^m^AP^ PE, hj construe^ 
lion. Also I AF—i AE ^^ {AF^AE) » PE, since AE, AP^ 
AFn being in arithmetical progression, the difference {PE) between 
AE and AP is half the difference between AE and jfF. 

t The formola sin S a « -^ — ^ {Trig. 29), when S±»U and 

a s ^ AP^ becomes sin AP a 2 sin ^ AP cos ^ AP ; and the formu- 

Q cos a^ —— R^ 
la cos 2 a =s j^ -, with the same substitutions, becomes 

cos dtfP ■= 2 (cos \ AP)* -^lyor cos AP + 1 =2 (cos ^ AP)*. 

t From the formula sin a* = | B(/Z — cos 2 a) {Trig. 29), or 
2 sin a* :£= JB (£ — cos 2 a), when 12 » 1 and a ss ]^ ./^P, we have 

2 (sin \ AP)* :*=: 1 — cos AP, 
or, changing all the signs (Alg. 57), 

— 2 (sin I .aP)* « cos AP— 1. 
Top. 2 



/ 
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The projection, of the opposite pole IT therefore \rill be upon CB 
produced to a distance CIC = — cot | APt the sign — signifying 
that it falls on the other, side of C with respect to K. 
Fig. a 14. Suppose PE (Jig. 8) = 90% the chord EF will be a diame- 
ter, and the circle to be projected will be a great circle ; and 
the formula 

d — sin AP 

"" cos JP + cos JfE* 
since cos PE = cos 90 = 0, becomes 

, _ sin ^P 
^ -" cos JP 

♦ stang^P* 

Thus the distance of the centre of a projected great drde from 
the centre of the primitive, is equal to the tangent of the di8ta$Ke of 
its pole from the pde of tiu primtive, or, whieh is the same thing, 
equal to the tangent of the indination of the great drde to the plane 
of projection. 

15. The other formula in this case^ namefy^ 

^ "" cos ^P + cos PE* 

» 

becomes 



r = 



cos ^P 

=SL sec AP. 

Therefiu<e, the radius of a projeded great drde is eqaal to the se- 
cant of the distance of its pole from the pole (f the primiiive, or the 
secant of the indination of the great drde to the plane of prqjedion* 

16. With the radius of the circle to be projected^ and the dis- 
tance of its centre from the centre' of the primitive, it is easy to 
describe the circle upon th« plane of projection. But it is to be 
remarked that the centre m will be in the plane of the great drde 
which passes through the poles A, P, that is, upon the radius CD 
dirededto the pdnt J), where the perpendicular arc VJ^ falls. 

These simple formulas answer for all great circles. 
Fig. 9. ir. If AP (fg. 9) = 0, the pole of the given circle becomes 
the pole of the primitive, and from the formulas (1) (2) we have 

d - sin JP _ 

"■ cos ^P + cos P£ "~ 
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flinPE _ ainfJE _ p- 

From these formulas it appears that all drdes paraUd to ih$ 
pkme of prqjection have for thdr prvjecled centre, the centre of the 
primiiroe, and for their radii the tangent of half their distancee reS" 
pectivdyfrom the pole of the primitive. 

18. IfJiF {fig. 10) =:: 90S the general formtilas become Fi|^. lo. 

»= TwTi nS = jy*r = sec -PJS, 

cos ^P + C08 FE cos PE 

smPE _^s\nPE_ „ 

cos AP + cos PE cosPE ® ^ 

that \a, drdes either great or small, which have their pole in the 
droumference of the primitive, have each, when projected, for the 
distance of its centre from the centre of the primitive, the secant (f 
the distance qf this drdefrom its pole, and for its radius the tan* 
gent of this same distance. In the case of great circles^ PE =: 90% 
and sec P£=:sec 90^ or infinite; and tang PE Is also infinite. 
Therefore the centres (^ great circles, which haroe iheir pole in (lie 
drcumference of the primitive, being at an infinite distance from the 
centre of the primitive, their projections will be straight lines pass-' 
ing through the centre qf the primitive, and cutting each other at 
angles, which have for thdr measure the distances of the poles of 
their drdesfrom each other respectively. 

19. When we have found the two poles JC, K' (^fig. 7), of a Fig. r. 
great circle by the methods already given (\2, 13), we have two 
points of each of the circles that intersect each other at these 
points ; the projections of all these circles will have^ for a com- 
mon chord the straight line KT<y, which joins the projections of 

the two poles; they have all therefore their centres in the 
straight line VHX, which passes perpendicularly through the 
middle of KIC' (Gecm. 106). 

20. The formulas which we have thus deduced analytically 
may be obtained by geometrical methods. The formulas of 
articles 14 and 15, for example, may be demonstrated as follows. 

t The formula b""" c= *5!!|ii! rprig 29), when fi » 1, and 

M + cos a M ^ ^ ■* ' 

a s= PE, gives the above expression. It may be observed also that 

the result of art. 13 might have been obtained more concisely by means 

of the formula -7; = — 7^ in the table above referred to. 

, if —^ cos a JK 

f 



12 Jlpplkation of Trigonometry. 

Fig- 8- If PE = 90* (Jig. 8), EF will be a diameter^ and the circle 
will be a great circle^ and its projection will have 8T (or its di-^ 
ameter, and ^ ST or mT for its radius. Join Om ; and SOT, 
having for its measure ^ EFF^ is equal to 90°. Thei-ctore tb© 
circle described upon ST in the plane DBJk will pass through 
the point {Geom. 128) ; consequently mO =zmT=: mS, and 
the triangle OmT is isosceles^ and ntOr=: OTm; accordingly 
we have 

OmC =^ mOT + OTni ^ 2 OTm 

:=zBO — DF\ 

= no—DF 

= 90^— DF. 
But the acutiE) ans^les of a right-angled triangle being comple- 
ments of each other» 

OmC = 90® — COm. 
Therefore CO m is equal to DF, and 

Cm the tang COm = tang DF = tang indination ; 
and Om the sec COm = sec JDF = sec inclination. 
If we produce Om to /, we shall have 

ja^2^0I=2DF=2.iPf 
which furnishes this graphical metliod of projecting great cir- 
cles* Take .jiT equal S AP9 or twice the inclination, and draw 
OmI; m will be the centre^ and mO the radius of the circle to 
be projected. 
Again, since mOCz=: DF, 

and OCn=OF, 

we have by addition, 

mOC+OCR:=:DF+OF 

= 90°^ 
therefore 

O7iC=90^ 
We hence derive this other construction. Draw ORm perpen- 
dicular to CFf and we shall have the centre m, and the radius 
Om of the circle to be projected, as before. 



t Through the point D suppose a straight line Df drawn parallel 
to TO. The angle /Di9 « OTm, is measured by 

,iBf^i{BO^fO)^i{BO^DF). 
Therefore 2 0Tm^B0^DF. 



dl. The forn^daa of article 18 are. foand by a very aimple 
construction. When JIP (Jig. 10) = 90°, P coincides with D and Fig. 10- 
the pole of the given circle is in the circumference of the primi- 
tive. MF in this case is perpendiciMar to BD» Bisect the pro- 
jected diameter 8T in m, and join mBf.mF, FC. As the pro- 
jected circle must pass through the points iS» F, as well as S, T, 
it follows that i»F= mT, and niFT= mTF, whence we have 
FmC = mFT+mTF:=^2mTF ^ 

^OB-^FD (note tqp. 12.) 
-= 90° ~ FCm ; 

oonsequently 

FmC+FCtn =90% 

and therefore CFm is a right angle, and Fin, the radius of the 
projected circle, is the tangent of J)F or PE. Also Cm, the 
distance of the centre of the projected circle from the centre of 
the primitive, is the secant of PJS. 

22. It api>ears from the construction just given, that Sm, the 
projection of tlie tangent Em, is equal to £m. Indeed it may 
be shown generally that, since the angle 0£ni or 

8Emzi:iODE:=:^OD + lDE=i45'' + ^DE 
and 

ESmcz 08B =1 0B + ^ D£s:45 +IDE (natetop.e), 
the angles 8Em, E8mf are equal ; from which we infer that 
8m = Em. Therefore the tangent cf a great cirde termitiating 
in theprimith>e has for its prqjecHon a line eqiud to this tangent. 

Let Em, Em' (Jig. 1 1), be two of these tangents, /6fm, 8m', Fig. 11. 
their projections, m m' being joined, the two triangles 8mm\ 
Emm', will be equal in all respects, since they have two sides of 
the one respectively equal to two sides of the other, and one side 
common. Consequently m8m' = mEm\ Therefore, since these 
tangents make the same angle with each other as the intersect- 
ing circles to which they belong (Geom. 471), we conclude that 
two great circles make by their projections the same angle t/iat 
they make upon the sphere. 

23* In the case of an angle formed by two arcs of great 
circles which do not terminate in the plane of projection, the 
above theorem will hold true, for we may always suppose the 
arcs pr&duced to the plane of projection* and then the tangents 
of these arcs will be equal to their projections, and the arcs and 
their projections will make the same angle. 



14 
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In like mannei/arca ^ smdl drdes, which hate a common 
intersedion and comnwn tangtnls with those oj large drdeSf wHl 
make by their projections the same angles which they make upon 
the sphere.! 

24. By means of the principles above given^ we are able to 
trace the different circles of the sphere and thus to represent the 
relative positions of objects in the heavens or on the earth* If 
for example it were required to project the northern hemisphere 
of the earth, as it would appear to a spectator at the south pole^ 
the earth itself being supposed to be transparent ; in this case 
Fjg. 13. the equator GEHF (Jig. 13) will be the primitivef, and its centre 
P will represent the north pole. •SP = 0, as in figure 9, We 
have therefore P for the common centre of all the parsdlels of 
latitude, and for their radii PF", PF\ &c«, the tangent of half 
their distances respectively from the nearest pole (17). To 
draw parallels to every ten degrees', for instance, PF being 

taken equal to tang -^ = tang 4£^ == radius:|:, we shall have 

OAO 7no 

PF' = tang ^ =tang 40*, FF" = tang ~= tang 35°, 



Pf radius of the tropic of cancer = tang 



66* sa' 



&c. 



Considering these parallels with reference to their distances 
from the equator we mark the first 10°, the second 20% &c. 

As the meridians have their plane passing through the eye, 
they will all be represented by straight lines intersecting each 
other at the centre of the primitive, and dividing the equator into 
arcs which measure the inclination of these circles to each other 
respectively (18). Thus GP^being the first meridian, 10 P 170 f 
20 P 160, &c., will represent the meridians which pass through 
every tenth degree of longitude.* In the same manner we may 
subdivide the arcs FF, F'F\ &c., C? 10, 10 20, &c., to any de- 
gree of minuteness, and thus represent the situation of cities. 



t We here consider the paper as the plane of projection, whereas 
in most of the figures of plate 1 the plane of projection is represent- 
ed as perpendicular to the paper. 

\ For the method of taking these lines from the sector^ see^note at 
the end of this part on the description and use of the Plane Scahy 
Sector^ &c. 



montitaiiiSi. the several points of the boundaries of states and 
kingdoms^ rivers, coasts^, &c«9 according to their latitudes and 
longitudes. We can moreover refer these same lines to the 
Iieavens, and project the places of the stars according to their 
declination and right ascension. Hiis is called a pdar projec- 
tion of the sphere^ It is more simple than the projection upon 
the plane of any oth^r circle. It was used by Ptolemy in the 
construction of y s Astrolabe, and is sometimes preferred for the 
maps of countries situated in high latitudes. But, it is adopted 
for the most fiart in cdestial rather than terrestrial planispheres, 
snA especially for maps containing half of the heavens. 

QBHF being referred to the heavens, we may consider EF as 
the solstitial, and GZTas the equinoctial colure. Accordingly 
the ecliptic will pass through the points 6, e, H, and to represent 
this circle we have only to describe a circle which shall pass 
through these points (fif^om. 149) ; or conformably to articles 
14, 15, to take for a radius, the secant of fiS^ £8'^ the obliquity 
of the ecliptic to the equator, and for the distance of the centre 
from the centre of the primitSvey the tMgent of this same obli- 
quity* Moreover tbe direction of this centre willy according to 
art. 16, be in the line PF. 

25. If now it were required to pitgect on the same plane 
secondaries to the ecliptic, we fa^ find the poles of tbe ecliptic 
as in figare 7» Thus, dBQD being nowf the ^uator, JieO 
the northern half of the ecliptic, and K^K^ its poles> the centres 
of all the circles which pass through JT, K'f will be in the line 
VBX. The circle KXK'V, drawn with the centre J9r and tbe 
radius J/fiT, wUl pass through tbe equinoxes O^ A, Draw KG 
making the angle HKQ equal to 10% and K&' making the angle 
HKG equal to 20"", &c., and KQ, K& will be the radii of the 
circles BrdJOt^ MTaKV/ &c., inclined respectively 10% 20% 

..■ !■ I 11 I !■ Ill I n il ■■ ■»!■* ••m I ■■ IIM H i ■■!■ I — ^1^1— — 

t In finding the poles £*, K\ we eonsider the eqaator BD perpen- 
dtctilar to the paper^ A its pole, and P, P ', the north and south polea 
of the ecliptic. Having foand A*, 1C\ in the manner already e^cplain- 
ed (12, 13,) suppose the plane of the eqaator to revolve about its 
diameter BD through an arc of 90*^, or till it coincides with the 
paper t the eye will be pei^pendicularly over the point C, and A*, A*', 
will remain unchaoged. By supposing a similar revolution in figure 
6, the points 8^ m^ T, will also remain unchanged (26). 



16 AppUcaHmi oj THgaaametty. 

&£•, to tbe circle tCXKV, or ^ose longitude is 10% 20% &c«ji 
respectively (!5)* 
£6. Circles parallel to the ecliptic are also easily traced upon 

^^K- ^ the plane of projection. If A {fig. 6) be ike pole of the equator^ 
and P that of the ecliptic, JEF, the diameter of one of these cir- 
clesy will be represented on the plaine of projection by 8T, the 
centre of which will be the point m, the middle of 8T9 and 3m 
will be the radius of the circle to be projected, and Cm the dis- 
tance of its centre from the centre of the primitive. 

ST. We have given in figure 1 3 the simple .<)t construction of the 
sphere upon stereographic principles, but the projection the most* 
used, especially for maps of the worldy is that which supposes the 
eye in the equator, and alternately in the two poles of the first 

Kg. 14. meridian. Let the primitive FEBH(Jig. 14), represent the first 
meridian, tlie place of the eye being perpenificolarly over the 
point 90. FB will be the projection of half of the equator, the 
points Sf iSf, wiH be the jioles of -the earth, and the straight line 
joining these will represent the meridian, perpendicular to the 
first meridian or the meri^ah of 90^. The other meridians are 
drawn like the secondaries to the ecliptic figure 7, that is, by 
taking for radii the secants of their longitude, or the secants of 
their inclination to the first meridian, and for the distance of 
their centres, the tangents of these same angles (14, 15). The 
parallels of latitude have for their radii the tangents of their 
polar distances respectively, and for the distances of their cen- 
tres the secants of these same distances (IB). Thus 10 a 10 for 
instance is described with a radius equal to the tangent of 80<>, 
and from a centre whose distance from the centre of the primi- 
tive is equal to the secant of 80^, and so of the others. This 
is called an equatorial projection. 

S8. The objection to these projections is that the linea of 
the sphere are not faithfully represented in the proportions 
which they actually bear to each other. Of the arcs FE, F'Ep 
&c., each of which represents a quadrant, only the first is actu* 
ally 00^ 

Pig. 8. The circle described from m (Jig. 8), as a centre with a ra- 
dius equal to mO, will pass through the points (Xand A which 
are diametrically opposite on the sphere. Thus the arc OSJi is 
the projection or representative of an arc of 180% and OS, S^, 
represent 90® each. But 



OlTts Oift9 s: 90^ ~ com =s gO'^ — the incHhiitioh (SO). 
In the same manner it may be shown that the arcs F'E (Jig. t4), Fig« 14. 
F"Ef kc.9 winoh represent qnadrants, are each eqnal to 90^ — the 
longitude rei^ioctivelyt er to the cemplemenf of the longitude. 

d8. With respect to (he parallels of latitode, if BF (Jig. 10) Fig. 10. 
be considered at a diameter of one of these circles^ it will be 
seen from what haa been demonstrated (2t)» that 

JBiSr=: £mS r= Fw^ r= 90 — FCm =a 90° — FH. 
Thus the quadrants 10 a» 20a'» {fig. 14) of the parallels of latitude Fig. 14. 
are each eqnal respectively to 90^ — the polar distance* that i8» 
equal to the latitude of the paraRel. 

29. It may be observed liloreoverf that all the lines which 
compose a hemisphere, taken together, are reduced one half^ 
since a beBriephere, which is equal to t$fo great circles (Oeom* 
536), is representor upon the surface of one. While the parta 
near the centre are the most contracted, they are at the sam^ 
time those whieh, considered among ttonselves, most (kithMly 
represent the corresponding portions of the sphere. In maps 
therefore of smaH extent, whethei* celestial or terrestria], we can 
place the raiddte of a conntfy or the middle of a constellation at 
the centre of ibe projection, and the repreaentatton wiU be snffi* 
ciently exact* 

50« We have sometimes occasion to neasore an arc on th6 • 
plane of projection, that is, to know the number of degrees wbkh 
it represents on the sphere. Let BOD {fig. 15) be tlie primi^Fig. 15. 
tive, lying in the plane of projection BBTf O the place of tfie 
5ye, 8IT the projection of tlie gneat circle FHB. Since KT is 
n both .the planes B6B. BFB(H it is their common iaterseotion, 
ind will consequently pass through the point B. In like man- 
ler, because £7 is the common faiteraection of the planes 
30Dp PBO, it will pass through the point Gf. Hence, the 
)oints if, E, being projected into /, T, it is plain that the arc 
7E will have for its infection the similar arc JT. Bnt since 
?E, OBfFHmA QG are each quadrants, if EB^ HGf which 
ire common, be taken away, the remainder or side PB will be 
qual to QEf and PO to OH. And because the opposite angles 
IPG, EOHf included by these sides are equal, the base BO will 
e equal to EH (Oemn. 4ao). Accordingly HE, liaving been 
hown to be similar to, or the measure of IT, its equal BG will 
Iso be the measure of IF. 
Top. 3 
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Agaioy since FF is equal to OB, if we add to each oF these 
FB, we shall ha? e PFB equal OBF ; and OH has been shown ta 
be equal to PG* Consequently the two sides PFB, PO, are equal 
respectively to the two OBF, OH, and they contain equal angles. 
Therefore the third side 11(6 is equal to the third side FH. But 
BQ is that arc of the primitive comprehended between the straight 
lines drawn fi-om the pole of 81, (the projection of FH) 
through its extremities. Accordingly BG is the measure of 
, 8L Therefore any projected arc of a great circle is measured Inj 
that arc of the primitive which is comprehended by two straight 
Knes drawn from the pole qfihe given arc through its extremities. 

31. The above theorem furnishes us with a convenient method 
Fig. 16. of measuring a pngected angle. The angle dPF Cfig.X^), for 
^ample^ formed by the intersection of two great circles ^PO, 
FPB, being measured on the sphere by the arc which joins the 
polos of these circles, we have only to refer this arc to the. pri» 
mitive by straight lines drawn from its pole through its extrem- 
ities* Thus K being the pole of ^PO, and k the pole of FPE, P 
will be the pole of Kk {Oeom. 467), and LM, intercepted on the 
primitive by the straight lines PKL, PkM, will be die measure 
of the arc on the sphere, of which Kk is the projection, that is, 
of the angle JPF or EPO, the inclination of the given circles to 
each other. Therefore an angle formed by the projections of twa 
great drdes has for its measure that arc of the primitive which ts 
\ iiUercepted by straight lines drawn from the vertex of the giveik 
anghe through the projected poles of the given cirdes. 

Other methods ofrq^rtsenting a spherical surface upon a plane. 

S2. In stereographiC' projection the parts of the sphere, as 
we have remarked, are most contracted toward the centime <^ 
projection ; whereas the reverse takes place with respect to or- 
thographic pi'ojection (Jig. 12.) Now in the former case the eye 
is supposed to be situated in the surface of the sphere, and in the 
latter at an infinite distance. It is evident therefore that an 
intermediate situation may be taken, that shall present the dif- 
ferent parts of an entire hemisphere taken together more natui*- 
gtly. At the distance of three fourths of radius from the surface. 
Hi the plane of the equator for instance, the meridians would 
appear nearly equidistant, and the parallels of latitude also 



Comtruction of CharU. 19 

learly equidistant Bat these lines would no longer be circular 
curves. It is moreover obvious that the parts of a splierical sur- 
ace cannot be perfectly represented upon a plane in all their 
n-oportions and bearings. We may imleed divide the equator 
^B(Jig. 14), and the meridian BH into equal parts, and draw Fig* U. 
;he meridians and parallels through these point^ instead of the 
[>oints of unequal division actually employed in this figure. 
This manner of representing the sphere is exhibited in figure 
i7. It is called by the constructors of maps a gMmlar projec- 
don. It shows the parts of the sphere more naturally and more 
nearly in their true proportions, but it is not strictly speaking a 
projection. 

S3. There are other methods of representing portions of the 
Barth, when they are of small extent, especially in latitude, that 
are still more just* £iet such a portion be comprehended be- 
tween the meridians PEF (Jig. 18), PqF, .MJVand Jiifif being the^g. is. 
extreme parallels of latitude. From /and JiTthe middle points of 
the arcs JUR, JVS, draw the tangents IT, KT, meeting the axis 
VP in the point T. The arcs Jlflt, JV*S, containing only a 
small number of degrees, do not sensibly differ from the tan- 
gents TFf MTT, and the space MRS^Tmaj be considered as mak- 
ing a part of the surface of a right cone, which has its vertex in 
T. In order th/erefore to represent this space developed upon a 
plane, we take a radius equal to TI, and describe an arc Klf 
Ifig. 19) equal to JTJ (Jig. 18) ; and having drawn TIM, TBOf, J|^ l^- 
we set off on each side of/ and K, IM, IR, and £A^, KS, equal '^* 
in length each to the arcs IM, IR of figure 18, or to their chords^ 
which do not sensibly differ from the arcs. Then dividing MR 
and ^8 into as many equal parts as there are degrees in the 
difference of .latitude, we describe though these points from the 
point T, as a centre, arcs representing the arcs of latitude. We 
divide also the arc IK into as many equal parts as there are 
degrees in the difference of longitude, and draw through these 

' ■ ■ — ■ 

t That the arcs may be* equal in length, the number of degrees in 
KI(fg. 19) mutt be as much less than the number of degrees in £*/ 
(fig. IB), as the radius TI is greater than the radius LI (GeowL 
288) ; that is, the number of degrees in Kl (fig. 19) must be to the 
diflTerence of longitude of the two meridians FEP, P'^P^ as IL^ the 
radius of the middle parallel, is to TL 
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pointo ftnd the point T straight lines represeitttngihe merlfiniBi 
This being done» the several places comprehended may bo de« 

\ signed accortling to their latitude and loiigitede. 

k $4. It ^tll be pereeited) tlml in thi» kind of cMstaiction, as 

I in the preceding, all the meridians tend te n)eet in the same 

point Bat In tirtbographic and stereograpbfc prajcctian^ the 
. fKiints of the sphere are designed in potispective, and tlie degrees 

' of the equator and those of the meridians are not represented by 

equal parts. In this the meridians are repreaenAed by straight 
lines, and the d^rees of longitude are equal among tbemsehreg, 
and the degrees of latitude are dso eqaal to each other, although 
different from the degrees of longitude, which diminish accord- 
ing as the latitude increases. This eonstroetion therefore has 
many advantages over those before giveil in particular cases. 
It is not however used at sea to represent the path described or 
to be described by a ship destined for a particidar place. 
As a ship* sailing upon a given point of the compass, makes the 
same angle with each meridian that she passes, if tlwise neridi- 
ans are repreiiented by lines that converge to a pointy the route 
thus described will be indicated by a eurv^ whfeh wouU render 
, the operations ferifinding % ship's place too coaqiliaited. 
^ S9. To remove this dilBcnlty, Arongh 4lie points J, f • let the 
t\^. 19. Straight lines AB (Jig. 19), CD, be drawn paralld to the meri- 
dian BT9 which passes through the middle of the pMtillel n^ 
and we shall have the space before denoted by MAHSR, mw 
represented by ACDB^ in winch all the panallels are equal (e the 
mean parallel IS*, and the meridiana «¥£, JViSV become tbd 
straight lines AB9 CD, parallel to GT; and the point efaweting 
T being at an infinite distance, the arcs JUA*, XS; J&9, beoome 
straight Vxwrn perpendicular to GT; we hence derivse the follow- 
ing method o£ constructing a charts . 

Having drawn a iine QT at pleasure, to represent IJie meridi- 
an that passes through the middle of the chart to be constructed^ 
we divide it inlo as many equal ^rts as there are degrees of 
latitude to be comprehended. Through the middle 6, we draw 
the perpendicular IGK^ which Avill i^resent the middle parallel^ 
and in order to determine what must be the length of 6/, GK9 
to answcirto the required number of degrees of longitode, we 
, must recollect that similar arcs are as their radii, and that con- 
sequently arcs of the same number of degrees, taken upon dif- 



immt psmH^ «m ts the cosines of the latkudw of thess p8rsl« 
Idsf. Accordingly with m radlud CA {fig. fil) equal lo the inoni* Pig. 21. 
ed raagottude of a degree of the neridiany uhkh is also that of 
the eqiiatiir» we describe tlie arc w2£of a noniber of degrees eqosl 
to thatoentained in the middle latiinde, and let fidl upon CA the 
perpendioiilar BP^ whicfa will give CP9 for the nagnitude of 
eaeh degree of the parallel. For in the right-angled triangle 
€£Pwohave ' ' ^ 

CB or CA : CP : t Ri sin CBP or cos JSCP, 
Now radius B is by construction equal to the cosine of the IatS>- 
tode of 00. We apply* tberefove, CP from 6 {fig. M) toward Fig. so. 
/ and toward £, as many tines as there are degrees hi half the 
extent which the chart is to hsTO in longitude ; then di*awiHg 
through the points of division of ^T lines parallel to IK9 and 
througli the divisions of /AT lines parallel to QT9 we shall have the 
parallels and meridians, by means of which it will be easy to note 
down the different places comprehended according to their lati- 
tude Mid longitude. 

S6. Charts of this constmction are more convenient than the 
jpreeedingy and may be advantageously used fbr small distance^ 
and especially between the tropics^ where the mwidians are near- 
ly paraUeU But they become less exact* according as the dif- 
ference of latitude comprehended is greater* and according a|ao 
as the middle latitude is gresfter. They give the degrees of the 
parallels too small on the one hand and too great on the other. 
To remedy this defect and retain at the same time the paralld- 
ism of the meridians, the following diart, called Mtrcaiin^$f has 
been oontrived. 

ST. This chart is* properly speaking* only a development of a 
cylinder^ which may besupposed to circumscribe the globe, bavii^ 

' — ■^— ■— ^M^i^P— ■■■■■ 11 ■ ■■ ■■■ill >| I —X— ■— ■^— 1— ■^■M^— ffc^^^^^^^,^^ 

f Since the circumferences of circles are as their radii* and corres- 
ponding parts, or arcs of the same number of degrees, are also as theh: 
radii, we shall have qE ; £7 {fig 18);: CE : LI. Bat CE is radius . 
and LI is the sine of PI or cosine of EI the latitude ; therefore qE ^^^* ^^ 
is to JTJas radius to the cottne of the latitude of K*i. In the same 
manner it may be shown that qE h KTf the corresponding arc of 
any otiier parallel, as radios is to the cosine of the latitude of K^I^ ; 
httice the length of the arc JS*J is to the length of the arc X^r, as 
the cosine of the latitude of the former is to the cosine of the latitude 
of the latter. 
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its axis coinciding xnritfa that of the earth, and its diameter equal 
to that of the equator, its length being mthout limit. It is not 
therefore a projection^ or such a view of the lines represented 
upon it as would he presented to the eye at any particular point* 
The obj^t of the construction is simply to render the meridians 
parallel without ckanging the ratio of the parts of the meridian 
to the corresponding parts of the parallels To effect this, instead 
of diminishing the kngth of the degrees of the parallels, ac- 
cording as the latitude increases, we make them throughout of 
the same magnitude, and equal to the degrees of the equator, 
which necessarily renders the meridians parallel. But we en- 
large at the same time the degrees of any great circle, according 
to the distance of these degrees from the equator, that is, ac- 
cording to their latitude. Thus, since the magnitude of a de- 
gree taken upon any parallel, is to that of a degree taken upon 
the equator, or upon any great circle, as the cosine of the 
latitude is to radius (35), or as radius is to the secant of the 
latitude {Trig. 8), if we make the degree of each parallel 
equal to that of the equator, the degree of any great circle, a 
meridian, for example, at any given distance from the equator, 
must have for its value a degree of the equator, augmented in the 
ratio of radius to the secant of the latitude, that is, multiplied 
by the secant of the latitude and divided by radius. 
^ In Mercator^s chart, therefore, while the degrees of the paral- 
lels are all equal to those of the equator, tlie degrees of the me- 
ridian, or of the latitude, must be unequal, that is, they must in- 
crease as the latitude inci^eases. We should fall into a mistake, 
Fig. 18. liowever, if, in taking JfcfJST (Jig-. 18), RS, as portions of two par- 
allels, distant a degree from each other, we should conclude from 
what is said above, that the arc M'S of a degree which measures 
the distance of these parallels. Is to be expressed upon tlie chart 
by a line equal to a degree of the equator multiplied by the se- 
cant of the latitude divided by radius. It is very true that at JV, 

jD X sec OJ^ 
a degree of a great circle 13 equal to ~^ — ,Dbeingade- 

gree of the equator ; and for the same reason, at the point S, a 

D X sec Q8 
degree must be equal to ^ — ^. But these quantities being 

different, neither the one nor the other can be taken as the meas- 
ure of the distance between the two parallels MJ/, RS. The 



Constructien tf Charts. £3 

former wouldlie too small, and the latter too great If, there* 
fore, instead of supposing the two parallels distant from each 
other a degree, we consider them as separated only by an arc of 
one minute, we shall have for the length of one minute of the 

J^ sec OJV* 

meridian at .AT, g^^* ^ •***"& • minute of the equator, and 

for the lengfli of a minute in S — ^^^^ , quantities that differ 

hut very little from each other, and of which either may conse* 
quently be taken as the measure of a minute extending from J<f 
to 5, or of the space that is to separate these two parallels on 
Mercator's chart. 

38. We see therefore that in order to calculate the augmen- 
tations to be allowed to the parts of the meridian relatively to 
the augmentations given to the parallels in the construction of- 
this chart, we must suppose the meridian divided into very 
small portions ; then one of these portions, multiplied by the 
secant of the latitude, and divided by radius, will give the cor- 
responding line on the chart, and with greater or less exactness 
according to the smallness of the portions into which the meridi- 
an is divided* We shall attain to all the accuracy necessary for 
practical purposes, if we divide the meridian into minutes. 
Thus in order to find the length to be allowed to the meridian 
intended to mark a particular latitude, it is sufficient to take from 
the common tables all the secants, from minute to minute^ from 
0° up to the latitude in question ; and the sum of these secants 
divided by radius will give the number of minutes, which being 
applied from the equator in the direction of the meridian will de- 
termine the degree of the latitude required on the chart. The 
results thus obtained for tlie different parallels are called meridiO' 
nal parts. Tlie relative Jengths of degrees from the equator to 
the polar circle may be seen in figure £2f. 

■ < i . . — I . ■ ' ■ I II ■ ■ i. ■ *i ■ .1 ^1 I ,,i 

t There is some intimation of this method of representing the lines 
of latitude and longitude in the writings of Ptolemy ; bat the first 
chart constructed upon this plan was published by Gerard Mercator 
in 1566. The theory, however, does not appear to have been under* 
stood at this time. In the year 1599, Mr. Edward Wright published 
his Correction of Errors in JVlavigation^ in which the principles of 
the chart are fully explained. Dr. Halley fii'st showed that the arti- 
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Of Onomonic Projection, or DiaUing^ 

39. Dialling consists in drawing lines to represent the inter- 
sections of the planes of the meridians with anj assumed plane or 
other surface. The time in whieh the sun apparently completes a 
revolution about the earth being divided into twenty four parts or 

360® 
hoursf his angular motion will be at the rate of or 15^ in an 

24 

Vig. 33. hour. If we consider the axis of the earth PP' (Jig. 23) opaque, 
the earth itself being supposed to be transparent, the shadow of 
PP' will coincide with the plane of the meridian opposite to the 
sun, and will move at the rate of 15** in an hour. Let ZPRFJ^he 
the meridian of any place Z ; the sun being in this plane at noon, 
the shadow of PP' will coincide with the plane PRP', and will 
intersect the plane of the horizon MVR in J2C. After one hour, 
that is, at one o'clock, the shadow will fall in the plane PJP', and 
after two hours or at two o'clock^ it will fall in the plane PIIF, 
&c. Now these meridians being inclined to each other at an- 
gles of 15**, we shall have RPl = 15°, RPII= 30«, &c. Moreover 
PR is also given, and the angle PRI is a right. Whence in the 
spherical triangle PRI, right-angled at JZ, we have two parts 
given, PR and RPI, to find a third JZi, which is the measure of 



ficial meridian line is a scale of logarithmic tangents of half the 
colatitudes beginning with radius. 

Beside the charts above explained there is one in which the degrees 
of the parallels of latitude are all of the same length and equal to 
Hff.20. *^^^** ^^ ***® meridian. If the divisions of IK {fig. 20) were made 
equal to those of QT, we should have in figure £0 such a representa* 
tion of a portion of the earth's surface. This is called a plane chart. 
No allowance is made for the diminution in the length of the degrees 
of the parallels. Accordingly it can be used for spaces of small 
extent only at a time, or where there is very little convergence of 
the meridians. The methods of finding a ship's place &c., founded 
npon this chart, are comprehended in works on Navigation under the 
title of Plain Sailing ; those which depend ujpon the chart represent- 
ed in figure 30, as it is actually constructed, are included under the 
head of Middle Latitude SaUing ; while those that are derived from 
the principles of Mercator's chart, fall under the denomination of 
Mercator^s Sailing. Examples of each kind will be given in the 
next chapter. 
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(he plane angle RCI^ formed by tjie XII and 1 o'clock hour 
lines. Accordingly, PR being the middle part, and 5P/(com- 
plenaent) aod Rl the adjacent parts^ by the first ot Napier's rules 
{Trig. p. 64) we have "^ I' - 1- - r.. . / c 

sxB PR = cot JIPJ tang MI = ; — L— : tang RI, 

"^ ixLhjj^RFl ° 

whence 

tang jRJ= sin Pfl tang UPt 

In )ike manner tang ^JT = sin PR tang £PJ7. 

Therefore th^ tangents of the pUme angles XII C I, XII C II, 
^c»9 are eqiml respectively to Uu sine of the pclar distance wulti^ 
plied by the iangetit qf the horary angle* 

4 a When PR is less than 9i^° we have PR^EZ^ (he lati- 
tude of the piac0 Zf Qod the above expressions become 

tang RI =e sin lot* tang 15^ 
tai\glU7=:: sin lat. tang 30. 

If th€» la(itude of the giv^n place, that of Caipbridge for instance, 
be 42° £3' £8"^ we have only to add the logarithmic sine of 42" 
£3', £8'' taken from the tables, to the logarithmic tangent of 1 S"*, 
80S &C.9 successively, and the .suftis will be the logarithmic tan- 
gents respectively of the arcs RI, RII, Sue,, or of the riy;(ilineal 
angles XETC /, XUCII, &c. 

We have considered the plane of the horizon as the jiane of 
the dialf and the axis of the earth as the gnomim or stile. But 
. if we take at Z a plane nor parallel to «/V*OA, that is parallel 
to the horizon, and cp parallel to CPf the shadows cast by CP 
and c p would, on account of the great distance of the sun, be 
sensibly parallel^ and move at the same rate* Consequently the 
hour angles IScl, l£c2, &c*, may be considered as equal res- 
pectively to XnCIf XllCIIi &cf. Therefore the formula above 
given will enable us to draw the hour lines c 1, c2, kc. And to 

subdivide the hours into halves, quarters, &c., we liave only to 

I 

t We may suppose cp equal in length to CF, anU the pla^e;nor 
of the same dimensions as ^OR, and the shadow would obviously 
! revolve upoa^the one in the same manner as it i^evolves uponrthe 
other, and the hour angles formed at the centres, C, c, being the same 
upon both, these are not affected by the lengths of the lines that coii- 
taia them; we may therefore take c 1, c2j &c., as well ;as c/?, of any, 
convenient length to suit our purposet 

Top. 4 
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15° 15"^ 

take the angle P eqii^I to -—, • — , &c. We draw the lines «a 

the other side of c 12 in the smne manner* and number them ll^ 
lOy &c« Thesis are to be extended each way tpward c n, so as to 
compr^efid tthe» time during wi|uch,tlie sun is above the horizon 
on the longest day, aceording to the latitude of tlie place, cp 
may be represented \\y a straight rod, or more conveniently, on 
aocooiit of itH embility, by the edge of a triangular plate p c 12, 
having its plane perpendicular to the plane of the dial, and its 
base c 12 resting upon the 12 o'clock hour line, the angle pelZ 
being equal to the latitude of the place. This is called a hari%>on' 
ial dtaL Other dials take their name in like manner from the 
position of the assumed plane, on which the intersections of the 
planes of the meridians, or hour circles, are traced. 

41. Let us suppose tiie plane JVOJB to shift i^s position so as 
cut the planes of all the meridians at rieht angles, that is, to be- 
come the plane of the equatfu* £Q. The formula above given 
will still be applicable ; and since sin FR = P^ = sin 90 r= 1, we 
6hall have 

tang III = sin PB tang RPI 

= tang RPI = tang 15° j 
also tang RU = tang RPU = tang 30% 

&c. ; 
that 18 RIzz 15% JR/J= 80% &c. 

Consequently RIt /XT, &c», are all equal among themselves^ and 
each equal to 15% and the plane angles XJICLT CU, &c.9 are* 
idso equals and the shadow moves at a uniform rate, the stile 
being perpendicular to the plane of the dial. We may now, as 
in tbe former case, suppose a second dial at Z^ constructed in 
the same manner, having its plane and stile, parallel respectively 
to those of the firsts and the same time will be indicated upon 
both. In other words^ we describe a circle of a convenient size 
upon a plane, divide it by radii drawn from the centre into por- 
tions of id^, for an hour, 7^ SO' for half an hour, &c., insert a 
rod at the centre perpendicularly to the dial plane, and place the 
dial &o that this rod, representing the axis of the earthy shall be 
situated like epf that is, in the plane of the meridian, atid mak- 
ing an angle with the horizon equal to the latitude of the place* 
This would be an equinoctial dial^ since its plane is parallel to 
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that of the equator* It would moreover be a horizontal dial at 
the pole, and ^^vtrHoal wiA dial at the is^uator, 

42* To construct a vertical south dial for any other latitude 
Zf let us suppose tlie plane JV*Oil to change stiM fiirthcr till it 
conies into a vertical position facing the soothy as represented in 
figure £4. At noon the sun being on the meridian of the placCf 
or in the plane of VEF'^ the shadow of PP* will intersect the 
plane ZOR in the straight line CXU; after one hour the shadow 
of IP w ill be projected in the direction of PIPf intersectiug 
ZOR in the straight line CI* and so on. Thus the hour angles 
7ZC/; BCIIf. fac.f being angles at the centre of tlie circle XOMp 
will be measured as before by the arcs Xlf RI!, &c.^ and theee 
arcs are determined by the formula already employed ; for in 
the splierical triangle PRIf right-angled at R, we have still tbo 
angle RPIz=: 15% and 

PR:=zPq + qR=:Pq + EZz=z90'' + iau 

Wbcnce^ since sin PR = sin PR =z cos qR ^ cos BZf we have 

tang RI =s sin PR tang RPI 
s= sin PR tang RPI 
= cos lot. tang 15^. 

Putting for RPI9 30"^, 4oo, &c.y we obtain by the same formula 
the other hour liries. Also, iis in the former case^ we may sup* 
pose at Z anotfier dial %oZ having its plane coinciding; witk 
ZOR9 and provided with a rod cjl parallel to CP i and as the 
shadow of cp' will revolve upon the plane »oZ sensibly in tho 
same manner and at the same rate as the shadow CP revolves 
upon the plane ZOU9 tlie hour angles IS c U 12 cd, kc.f may bo 
considered as equal to XII CI, XII CO, &c.t and may be comput- 
ed by the same formula. 

43;. It is evident ttiat other planes might be assumed and the 
angles calculated in a similar manner. But the above will be 
found sufBcienty especially, as clocks and watches have now 
taken the |)Iace of dials, and the latter are rendered erf little use 
except to regulate the former, and afToril occasionally an exorcise 
to a speculative mind. Besides, the Iiorizontal dial is the one tiiat 
is commonly employed. It is the most convenient, because it re- 
quires the hour angles to be drawn only on one surface* In the 
vertical south dial, for instance, at the time of the e^uinoxeSy or 
when the sun is in the plane of the equator^ he rises and sets in 
the plane of ZOR and wiien his dedination is toward P, the 
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tiorfhern fece df tKe plane ZOU is illtifninated aft^r sunrrse IHi 
the sun reacliesr this plane, and before stifV^et after pa^tn]^ this 
plane. So also in the equinoctial dia?; its plane being represent- 
M by that of the eqttator, the southern face will be illumiimted 
when the sun i^ on tlie sooth side of the equator, and the north- 
erti fi^ce when the suti fe on tlie north side of the equator, 

44; After the lines are di-awn upon a plane intended tor a 
horizontal dial, according to the formida above given, it nnay be 
placed in a*ht)H2ontal position with sufficient accuracy by means 
of a spirit lei'^el, or by adjusting* it in such a manner that water 
put u])on it shall not incline more to one dide than to another. 
' 45. If the dial kfter being leveled be tamed till the shadow 
of the stiic falls upon the 1^ o'clock hour line, when the snn's 
centre Is on thfe meridian, ot' at the time of apparent noon by a 
well regulated clock or watchf, the adjustment of the dial is com- 
pleted, and this is the most convenient way of determining a 
Bi^rfdian line for a dial. But a more common mrthod is to make 
use of two stars that are in the same horary circle or celestial 
meridfan, and ob^nre the position of a Vertical plane tliat cnts 
them at the same instlint. It is customary to take for this purpose 
the pdle star and the first dtar in the tail of the Oreat Bear, 
tiiRed Aliotti^^ wtneh are cm different sided of the pole iilm(»t 



t The error of the clock or watch, in this case, and its rate of 
going should be carefully ascertained by astronomical observations. 
The method of doing thts will be shown in the chapter on the fifofa- 
f fon of PrcMems ih Bphtrical Trigonometry. 

\ The star Alioth or $ Ursae Majoris may be recognized in the 
heavens from its situation in iigure 25, relative to the more remarkable 
stars in its neighbourhood. The stars thus selected should have the 
same right ascension, or should difter in their riglit ascension 180°. 

Right ascension of Alioth, beginning of 1820 19 1 ° S2' 42" 

Pole star 14 12 21 



Difference 177 20 21 

If the right ascension of the pole star were 2° 39' 39"- less, the two 
stars would be on the meridian at the same time. But as the pole 
star revolves around the pole in a circle of only about a degree and 
two thirds, an arc of this circle of 2^ 39' 3^ would be seen under 
an angle of not more than three or four minutes, which would be 
inconsiderable on a diaU The stars « Ophiuci and |3 Draconis differ 



4iaiiMitriCftHy q^oaite to* each other^ and wiiiili coimef aenttf 
pass the meridiaii of any jj^ace'tieariy at the wtumt tincw WfaM 
therefore tk^se two stars are cat by the vertical ^Ire of a telea- 
copef • adjusted to move in a plane perpendicular to the horiMn^ 
the axis of the telescope is In the pkine of the mwidiaRy and hj 
inclining it toward such ohjecte ae are siDuated in tbts jlnne at 
a propef distanee, vfo can note the points that are naceasary fer 
tracing a meridian line nt an; linieir 

When a tdescqie cannot be procured^ two plamh Unea mnj 
be' used for this -porpOse^ as represented in figare M, being so 
disposed as to admit of ^be two stars bMig seen in their plane at 
the same meniedit ; then the line t^A joimng thi^ horizeatal pro- 
joctions will tie a meridinn Kne. ^ 

46* We proceed in the conatriiction of dials aecording to the 
principles of pare^gaametryy and upon aunpositiona that «re nat^ 
strictly speakings fennded in truth. !• The natural daya^ or liiaea 
of the apparent revohition of the s«Br not being* perfectly e^naly 
the apparent motion of the sun Aom one hour circle to another 
is not precisely uniforoi, * bat Is alternately acceleraled and re- 
tarded in the course of the year ; so 'that a dial will,, when eon- 
pared with a good clock, be leund to loose and gain alternately 
at the rate of from half a minute to a few stfoends in- a diiy> till the 
difference amounts at a maximimi to a little more than a quarter 
of an hour* But this departure from a uniform measure ef time 
admits of being calculated, and is generally entered upon the 
dial in a small table entitled *^ equation of time.'' To explain the 
cause of this departure and the method of estimating its amount 
at different times belongs to astronomy. 

2. We suppose Jhe apparent revolution of the sun to take 

in right ^sceosion only about 6' (1820), and they are both stars of the 
second magnitude, and conveniently situated for an observation of 
this kind. 

t The vertical telescope of a theodolite, hereafter to be described, 
is weil adapted to this purpose. Also where the latitude of the place 
is not known ; by taking with the theodolite the greatest and least 
altitude of the pole star, that is, the altitude when Alioth is in the 
same vertical circle below and above the pole, half the sum of these, 
corrected for refraction, will give the latitude sufficiently accurate 
for the construction of a dial* 
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prace in e1rel«s )^ahiltel . to tte (H|osI(M% ^wliMeaSy on u/^^mt of 
bis continual cfaftn^^ of decUntttion, except at the sokticea, these 
daity motiam tire perferaied in a kind of s|piral curve that is 
constantly indfued m^re or less to the meridian^ by which the 
f(irenoon,s fall short of the afternoons from the winter to the 
sumnier solstice^ and exceed then 'during the rest of the j^ear. 
But the error arising from 4bis cause is. jiot perc€{>tible in the 
small arcs wMch measure the time near ta noon^ j^rlien the dial 
is most lilftly to be used. 

S. We make no aNowanoeibr refjfaction* qr parallax, .or the 
circumstance of tlie shadow beiag detenainQd by the sun^s limb 
InstXiad of his centre. Refrac^nat a mean elevates the sun 
when in the horizon, about a diametar,. and wi^en this takea 
^ace at ri^t angles lo theJuNir ciodes* as at the .equate^, or 
when its whole eifect is to accelerate or retard the progress of 
the shadow on the dial, it amounts, at the rate of 15^ to an hour, 
to about two minutes. But this eifect diminishes, as the lati- 
tude increases, and becomes nothing at the pole. Besides, we sel« 
dom make use of a dial, while the sun is less than 8° or 10'' abo\ e 
the horizon, when the refraction, and consequently its influence 
upon the time indicated by the dial* is reduced to a small part 
of what is above stated. The effect of parallax is altogether 
insensiblef. With regard to tlie shadow of the stile on the plane 
of the dial, the extreme part of it or rather of the penumbra, 
corresponds, in the forenoon for example, to ,the eastern edge 
of the sun, and the extreme part of the perfect shadow to the 

western, and the middle of the penumbra will correspond to the 

•^■^^■^'^~^^^"^^— ^■'^— ^— '11 ' i I I <■ II ■ III ■ I « I 

t It is true that the plane of the shadow of c p {fig, £S) is inclin- 
ed to that of the shadow of CP, and when the ialitude of Z is OS the 
perpendicular distance of these planes is a maximum, and equal to the 
radius of the earth, and the Inclination of the planes is equal to the 
sun's horizontal parallax (8"). Suppose a plane passing through cp 
strictly parallel to the shadow of CP, this plane would make an 
angle of 8'' with the shadow of cp. There being 1296000'' in 360^ 

S'' would be ^^^ of a circumference. If the circumference of the 

8 
dial were 30 inches, for example, an arc of 8'' would be of SO 

inches, that i, ^^ or ^ of an inch. 



aun'a centm. Thb Mket tlrafefom imj b«. ill a i»gfi» correct-r 
ed ; and th6 ethers da not •xmi even iii tbeoijr a(; noooy and ai'e* 
taken togetker^ mconsidarablt jfoi* asiM twe before and after 
noon ; so ttiat the hanrs the naet Cav^riible to accuracy are 
those during whkh we have erdinariJIjr moat frequent occaaion 
to make use of ttiia InilnNMiiL 

Dialling is eoesid«^ as a pBogeotieii of the apberf » becaiiae ^ 
the lines CXII (/jr« ^)» Oi, traced iipoin t^e aiauinc^ plan^» ^'^P ^ 
are properly projections of the hour circ^ PJSn FJk &c»» or such 
representations of these circleaas, referred ito the. a^iaad plane^ 
would be presented to an eye sitnalod at the centre (/• While 
therefore in ortliograpbic projection the eye is supposed at an 
infinite distance, and in stereographic projection at the surface 
of the sphere, in i^moaie prsfeotioa the place of the eye is at 
the centre. 
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CHAFTEKIL 

C^the Solution cfProbleius in Plane Trigonometry » 

47. Rules have been investigated (TYig. SS, SS, 88) for the 
solation of all problems that occar in the calculation of lines 
near the surface of the earth, where plane triangles only are 
Concerned. In the<9e cases it will be recollected that of the six 
parts of a triangle three parts are required to be known ; and 
of these one at least must be a side, since the same angles maj be 
common to anj nundber of trianglesf • 

Mtmuration of HeighU, and Diskmces^ 

fig'ftr* 48. The distance BC (Jig. 27), measured in a direct honzon- 
tal line from the bottom of a steeple^ being 200 feet, and the 
angle of elevation Abe 47^ SO', the height JiC of the steeple is 
easily found. 

Asthesinft.^c=:C0S«dic = C06 47^ 3(/ .... 9,8£968 

is to *c = £00 feet . . .^ £,30103 

80 is sin ^ic47'' 30' 9,86763 

12,16866 
9,82968 

to the height j1c = 218, 26 • • . . • 2,33808 

We have here subtracted the logarithm of the first term from 
the sum of the logarithms of the second and third. But a 
shorter way would be to take the arithmetical complement (^Mg. 
248) of the first logarithm and add it to the two others ; thus, 

0,ir0S2 
2,30103 
9,86763 

2,33898 ' 

the same as before. 



^ 



t Of the manner of measuring the necessary angles and sides and 
of the instruments that are used for this purpose an account is given 
in a note subjoined to this part. 
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In the solution of this problem we have made use of the theorem, 
the sines of the angles are to each other as the sides opposite to these 
an^s. We might also apply the rule given for right-angled trian- 
gles (^Trig. SO), nsLtaely 9 radius is to tlie tangent of one if the acute 
angles f as the side adjacent to this angle is to the side opposite; thus^ 

As radius or sine of 90° 10,00000 

is to &c • • 2,30105 

so is tang ^6c 47° SO' 10,03795 * 

to the height j3c = 218,26 ; 2,33898 

if we add to this bB or c(5^ the height of the instrument, we shall 

have the whole height AC* 
49. It is required to find the perpendicular height AC (Jig. 28) Fig. 3$. 

of a hill, the angle of elevation of which ABC at the bottom is 

46'', and the an^e ADCy taken 100 yards further off on a level 

with the bottom 31°. 

Then ABC— ADC ^ DAB, 

that is, 46° — 31^ = 15% 

Hence^ as surDAB =15° 9,41300 

is to DB = 100 2,00000 

so is sin D = 31° 9,71184 



i^ 



to AB 2,29884 

Then, 

as radius = sin 90° • • . • 10,00000 

is to ^J5 2.29884 

so is sin ABC = 46° 9,85693 

to the height wlC= 143,14 •' 2,15577 

50. It is i*equired to find the perpendicular height of a cloud 
or other olijecrt, when its angles of elevation, as taken by two 
observers at the same time, on the same side of it, and in the 
same vertical plane, were 64° and 35°, their distance apart being 
half a mile, or 880 yards. 

It is evident from figure 28, that this problem may be solved 
in the same manner as the last. 

51. From the top of a tower AC (Jig, 30) 120 feet high, tlieFiy. SO. 
angles CABf CAD, formed by the perpendicular wall and lines 
drawn to two objects B, D, situated in the same plane with AC 
being measured and found to be 33°^ and 64° 30', what is th<i 
distance of the two objects B, Dl . 

Top. 5 
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As radios or sin 90* • . 10,00000 

is to ^C= 120 feet 2,07918 

80 is tang ItoCsjSS^ 9,81252 

to fiC= 77,93 1,89170 

In like manner DC is found to be = 251,58, Hence 
^ DC —BC=:DB=zl 73,65 feet. 

Fiff. 31. sd Given BC {Jig. 31) = 100 yards, the angle B = 5S% and 
the angle C = 79° 12', to find the perpendicular distance AD. 
Then •tf + J5 + C^(/?+C) = ^, 

that is 180 ~ (5S« + 79*^ 12') = 47*^ 48' = BAC. 

Hence, 

As sin U^C = 47° 48' . • 9,86970 

Arith, comp. • • . 0,13020 

IS to »C = 100 2,00000 

so is sin C= 79° 12' 9»t9224 

to JJB 2,12244 

And 

as sin l>:;=xadius 10,00000 

is to JiB . . • 2,12244 

sois»infl=53* . • . • 9,90235 

to ^ = 105,89 . • 2,02479 

Fiff. 32. 52f TThe height of an obelisk (^Jig. 32) standing on a hill be- 
ing required, we measure from its bottom a distance CD = 40 
feet, and take the angle .ICi) = 41'', and then measure another 
distance CB = 60 feet in the same direction, and take the angle 

ABB = 23° 45'. 

Now, since the exterior angle of a triangle is equal to the 
sum of the interior opposite angles, we have 

SCD — ABC^BACj 
that is 4 1° — 23° 45' = 17° 15'. 

Hence in the triangle BJiC. 

As sin JI^C= 17° 15' 9,47209 

Aritb. comp. • 0,52791 

is to the opposite iSC = GO 1,77815 

so is sin ABC =s 23° 45' . « 9,60503 

to the opposite side «dC = 81,49 1,91109 



• 
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In the triangte MD. 
AbCJI + CD=^ 1£1,49 £»0845d 

7,91 54r 
is to Cdca CD ^41 A9 1,61792 

80 is tang ^-?^ + ^^^ ^ tang 69^ 50' . • 10,42726 

to tang ^"^^ '^ "^"^s tang 42° 24'i . . . .9,96065 

And 69° 30'— 42** 24'^ s= 27° 5' J = C^B. Lastly, in the same 
triangle ^CD ; 

As sin CAl) = 27° 5'i 9,65840 

0,S4 1 60 

i8toCII = 40 . • • 1,60206 

soisBin^CDc=:41° . • • 9,81694 

to jJB =s 57,624 1,76060 

53. It is required to find the horizontal distance of an object 

•9J9 (Jig. 33) that IS inaccessible. Angles of elcration being P>g> 33. 

taken at C and JS, situated in a direct line from 0, namely, 

j9CD = 5d!^ri^hi ABB = 32", and the distance BC being found 

by measurement = 100 yards, 

we have ACD — ABC = BAC, 

or 58° — 32** = 26°. 

Then in the triangle ABC 

As sin J3./2C = 26"* 9,64184 

istoJ3C=100 • . • . 2,00000 

so is sin •ffflC = 32** • . . . 9,-2421 

to ^C 2,08237 

And in the triangle ACD 

ABmxADCszW • . • • 10,00000 

isto«tfC • , . . 2,08237 

so is sin of CAD or cos ACD = cos 58'' . « 9,72421 

to CD =: 64,06 yards 1,80653 

54* Tlie height and distance of an object (Jig* 34} on the top Fig. 34 
of a hill being required, we n>easure from an assumed station 
B a base BJVof 642 yards up the sloinng ground BG (^UTrtly 
from O, the points A, Bf JV*, being in the same vertioal {ilane ; 
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then having set up a staff B8 of a height eqnal to that of tie 

theodolite JJ^T^ we take our station at A; and find the angle of 

elevation O^H of the object = 3^ 59% and the angle of depres* 

Bion H^8 of the point 8 = 39', the angle of elevation OPS at B 

being 5"" 52' ; BR and 0£ are to be found. We have 

O^H + HdS = OdS, JI8F £or 180 — HJi8] — 08P = O&i, 

or 

3° 59' + 0*» 39' = 4^ 38', 1 79° 21' — 5^ 53' =r 173° fi9'. 

Hence 

1 80° — (Ojifif + 05*a) = JOS 

180° — 178° 7' =1*^53'. 

AssinJOiSf=l°53' 8,51673 

1,48327 

istoj9i9=64d $,80754 

60 is sin 0J8 4° 38' 8,90730 

tOiSrO 3,19811 

As radius or sin 8P0 = 90° . ' L ; . i . . 10,00000 

is to iSO // • • S,198ll 

so is sin OiSfP = 5° 52' . . . /^. • . '. 9,00951 

to OP = 161,3 2,20762 

As radius or sin 90° . • . « - 10,00000 

is to iSfO ...... t 3,19811 

80 is cos OSP = 5° 52' ....... . 9,99772 

to iSrPrs 1569,75 *..... 3,19583 

The height of the instrument SB or PR being added, we shall 
have the height of the point above the horizontal line 6R» 
55* Let it be required to determine the distance of an inac- 
Fiff. 29. c^^siblc object O (fg. 29) from a given point A or B, when an in- 
strument for measuring angles cannot be procured. We take a 
point a in the direction OJ, and a point b in the direction OBf and 
measure each side of the two triangles JtaB, ABh^ namely 

AB = 500 yards 

fl.^ = 100 l?6=t00 

^aB=560 wJ6=550 

Then in the triangle A aB to find ttie angle a AB (Trig. 38), we 
add the three sides together, which gives 1160^ and from half the 
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sum 590, we sobtnict each of )he sides J a, JlBfBnccemifdjf and 
the remainders are 4S0, and 80, whence 

480 log. 12,68124 

80 log. 1,90309 

500 log. Arith. comp. 7,S0103 

100 log. Arith. cotnp, 8,00000 

Sam 19,885^6 



half sum or log. sin laJiB 9,94268 

which answers in the tables 61° 12' £0"; therefore 

fl ./IB = 122° 24' 40". 

This taken from 180° gives the angle OAB = ST"" 35' 20". In 
the same manner we find the angle OBA = 64^ 51'. The sum of 
these 122° 26' 20", subtracted from 180*, gives the angle 

O = 57° 33' 40" 
from which the sides .^0, BO, are easily found. 

56. It will be perceived from the foregoing examples, that 
where a right-angled triangle is employed, it is necessary to measure t 
or have given only one of the acute angles and one side. Thus, if 
I take a station 1) (Jig, 30) directly opposite to the object .^, pjg., ^o. 
whose perpendicular distance is required, having measured the 
side BB and the angle B, I can determine the side dD by one 
solution thus, 

as sin BAD or cos B : BD : : sin /? : AD ; or 
as R : tang B :: BD : AD. 

But where the case requires an oblique-angled triangle, it is neces- 
sary to know either directly or indirectly two angles and a side, or 
two sides and an angle. It is common in questions of this kind 
to measure, besides a side which is always an element, one angle 
in the triangle containing the side or sides to bo determined, 
together with one of the opposite exterior angles, titen the dif- 
ference of these will be the other interior angle, as in articles 
49, 52. An exterior angle is often found by adding the observed 
angle of elevation or depression to W. Tiius HB8+ 90° {fg. 35) pig. 35. 
is equal to the exterior an,s;Ie of the triangle SBJt, and BRS being 
subtracted from it we shall have the other interior opposite angle 
B8R. The angle AQB (Jig. 38) is found in a similar manner^ Fig. 38. 

In questions respecting heights and distances, although we em- 
ploy for the most part either vertical or horizontal angles, yet it is 
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•bffiovs "that the theM^ms of trtgommetrjr are efoally applicable 
to trianjaples whose planes are incliacfl to ttft horizon* In fii^ure 
40 for instance^ having the angles OjiC, OCJ, and the side JC, 
we proceed in $miing, the remaining sides, as if it were hori- 
zontal or vertical) that is, withoutiiaving any regard to the posi- 
tion of its plane. We thus obtain a side of each of the vertical 
triangles JiOBrCOB. Care should be taken however in meas- 
uring an inclined angle that the plane of the instrnment have 
the same inclination. 

What precedes being well understood, the answers to the fol- 
lowing questions will be readily found by means of the figures 
referred to. 
Fig. 35* 57. It is required to find the height of the castle BR {Jig. 35^, 
above the le\el of the sea AS9 and its horizontal distance from a 
ship S at anchor, the angles of depression HBS^ J^RSf being 
given equal respectively to 4** 52', and 4® 2', the height of the 
castle being 54 feet. 
/ Answer, j3iS= 3690 feet, and ^JB= 314 feet. 

58. It is proposed to find the distance between two objects 
Fig. 36..^, B{fig. 36), situated on a level, wlien they cannot be conve- 
niently approached. From two stations C, D. also on a level, 
we take the angles ACB = 37% BCD = 5^'^ 20', CD A = 53* 30, 
ADB =45° 15', and measure the distance CD = 300 yards. 

Answer, AB = 479, 79 yards. 

Pig. 37. 59. If both the objects A^ B (Jig. 37), can be seen only from 
one point JD. we take a station C where A can be seen, and a 
station E where B can be seen, and measure CD = £00 yards, 
the angle ADC = 89*^, ACD = 50° 30' ,• also DE = 200 yards, 
and the angle BDE = 54° 30', BED = 88^ 30', the angle ADB 
being 7:2** 30'. 

Answer, AB = 345, 5. 

Fig. 38. 60. From a window A (Jig. 38) near the bottom of a house 
supposed to be on a level with the bottom of a church GD^ the an* 
gle of elevation GAD of the top of the spire being 40°, and from 
another window B 18 feet directly above the former, the angle 
of elevation GBE being 37° 30', it is required to find the lieight 
•f the object GD and its distance AD. 

Answer, GDzz^lO, 44 feet, and AD = S50, 79 feet. 



61. Being at the station 4: {jig. 99)» en « hoHaM^ntgl phne* and Fi^« 39 
wanting to know the height of a towet- CA placed on the top of 
a bilU "^e take the angle of elevation. jDl#£ of the top of the bill 
equal to 40% and of the top of the tower CJiE equal to 5r ; then 
measiiiing in a dipeet line from the hill 100 yards to B^ we tdce 
the angle CBE equal to SS"" 45^ 

JLnswer, CD ^ 46, 67 yardi. 

6S« Suppose the object OB (Jig 40) to stand upon ahori20Btal;pig.4D. 
plane ABC, and that ^C is equal to 250 yards, and that the angles 
at its extremities are known, namely, OjjC= 56*" 46', OCLds 62* 
54^ OAB:^:: G'^ 40% OCB - 7^6'. What is the he^ht OjB, and the 
horizontal distances AB, CB ? 

Answer, MB =s 254, 989 yards 

CBtn: 338, 814 
0£=r 99,745. 

JMaroigatioiu 

63. The situation of places on the earth being designated by 
their latitude and longitude, that is, by their angular distance 
from the equator, and from some assumed meridian, reckoned on 
the equator, the situation of a ship with respect to the places she 
has left, and those to which she is going, is known, when wc 
know her latitude and longitude* The method of finding these 
that first suggests itself is by astronomical observations. But 
as this methfid cannot always be resorted to, Htnd is moreover, 
particularly in the case of the longitude, attended with labor and 
difficulty, it becomes an important problem to find the change 
of latitude and' loiigitude corresponding to any given distance 
that a ship sails in any given direction! ; for, M^hen this 



t The distance^ or the length of the path described by a shtp» is 
estimated by observing the velocity o( the ship at stated intervals* 
The instrument used for this purpose is called the log. The direc* 
tion of the ship's path, or the angle which it makes with the meridian 
is ascertained by the compass^ and is technically called the course. 
It will be perceived that, from the unsteadiness of the wind and 
other causes, neither the distance nor course admits of the accuracy 
with which lines and angles are measured on land. See note on the 
description of the compass and iog« 
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is known, by apldying it to the latitude and longitude of the 
place of departure, we learn the latitude and longitude of the 
place at which the ship has arrived. If the course of the ship 
he due^north or south, she does not change her longitude, and 
the whole distance in nautical miles is to he considered as so 
many minutes of a degree, and to be subtracted from the latitude 
* of the place of departure, or added to it, according as her course 
was to or from the equator. If on the contrary the course of 
the ship were on a parallel of latitude, the whole distance is to 
be regarded as a change of longitude, which will be greater or 
t^ss according to the latitude of the parallel. To reduce any 
arc of a parallel to degrees or parts of a degree, we find the 
eorrespondlng arc of. the equator by the proportion, cosine of 
the latitude is to radius, as any portion of a parallel is to that 
portion of the equator which is comprehended between the same 
meridians (35). Then, calling the miles minutes, as in the case 
of an arc of latitude, we have the change of longitude, which 
being added to the longitude of the place of departure, or sub- 
tracted from it, according as the direction has been from or to- 
ward the first meridian, we shall have the longitude of the 
place at which the ship has arrived, 

64. But, as a ship sails for the most part neither upon a me* 
ridian, nor upon a parallel of latitude, but in a direction oblique 
to these, she is to be considered as changing both her latitude 
Fis:.41.and longitude at the same time. If AB {Jig. 41) represent the 
line described by* a ship, JSTS being the meridian of the place 
from which she sets out, the angle CiB will be the course, 
JB the distance, AC her change of latitude, called differ- 
ence of latitude, and CB the arc of a parallel of latitude inter- 
cepted between the meridian of the place A and that of the place 
Bf and which corresponds to an arc of the equator that meas^ 
ures the difference of longitude. This is called the departure. 
Hence if we know ihe course or angle J by the compass, and 
the distance AB by the log, JIC and CB are easily calculated. 
Suppose AB = 80, and €dB = two points, or 22** 30'. Then 

As radius • • 10,00000 

is to the distance ^i? = 80 ...... .1,90309 

so is sin B = cos d = cos 2£** Stf 9,96562 

to difference of lat. .5(7=73,91 ...... 1,868T1 



As ¥adtm . ^ . . . 10,00000 

iB to tte l^taitre i90 =± BO 1^90809 

%o in at ii^cmrBe...2r* SO' ...... 9,58284 

to departure CS= 50,61 . .« 1,48593 

In lik« mafiner, if in additioii to the right angle C, any two ^ 
pMiAf of which One is a side, be known, the others are readily 
feund. The latitude ACf for instance, being given = 73,91 
togetfaei^ with the di^tince dB, the course is determined by the 

following proportion ; 

* 

Ad the distance «IJ9 =: 80 1,90309 

8,09691 

IS to radius 4 .^ . . 10,00000 

8oisdifi:iat.«4C=r3^91 • . . • 4 . . 1,86871 

to sin Jft = cos .d . . cos course . • S2^ 30^ • . 9,96562 

65. The above method is not confined to portions of the 
earth's surface^ which, without sensible error, may be consider- 
ed as planes, but is applicable to routes of any extent, in which 
the course remains unchanged* The path described by the ship 
becomes in this case a curved line, since it makes with each 
successive meridian the same angle. Let ^ (Jig. 4^), B, be two Fig. 43. 
points, upon two contiguous meridians. Let JB, BR, be drawn 

to the northeast, or other point of tlie compass, to ^^note the 
course of the ship at these points. The angles B^P, RBP9 are 
{ equal. Now the arcs BP, JtP, are not parallel ; on the contrary 
they converge' and meet at P; therefore the angle PB(l is 
greater than PJ(lf and consequently greater than PBR. There- 
fore, since BR makes the same angle with the meridian that AB 
makes, the parts AB, BR^ of the path described by the ship are 
not in the same straight line nor in the same planef. 

66. Let AB (/^. 43) be any part of a rhumb line, PIT JV, Fig. 43. 
PAM, the extreme meridians, JVM the equator, PCK, PEL, two 



t A line drawn in such a manner as to make the same oblique 
angle with each successive meridian is not an arc of a great 
circle, or of any other circle, but is a peculiar kind of curve that 
approaches the pole continually in a sort of spiral, without ever 
reaching it. It is called a rhumb line or loxodromic curve. 

Ibp. 6 
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contiguous meridians cutting AB in the two points C» E* If 
from tbe pole F we draw the arcs B89 CD^ parallel to the equa- 
tor^ it is evident that^ if AB be the path described bj a ship, 
Ji8 will represent the corresponding diiTerence of latitude, and 
JllfJV*the difference of longitude, made in passing from A to B» 
Accordingly, if EC denote the space passed over in a moment 
on the rhumb line AB, BE will represent the change of latitude, 
and LK the ( hange of longitude in the same time. Now, as the 
triangle CBE^ right-angled at i>, is indefinitely small, it may be 
i*egarded as a plane triangle. If then we suppose the line AB to 
be made up of parts equal respectively to CE^ and each of these 
parts to be the hypothenuse of a right angled triangle like CDB9 
it is manifest that these triangles will be equal among themselves^ 
since, beside the right-angle and hypothenuse being the same in 
all, they have each an angle equal to CED. It is readily 
inferred therefore, that the sum of all the hypothenuses CE^ or 
the whole line AB is to the sum of all the sides DE^ or the whole 
cliange of latitude, as one hypothenuse CE is to the correspond- 
ing difference of latitude DE (Oeom. iv). Now since CUE is a 
plane triangle, it is similar to any other plane triangle having 
the same angles. Accordingly, if we construct a right-angled 
plane triangle JETGJ, having the angle O equal CED^ thjis trian- 
gle will be similar to the triangle CDE(^Geam. 74), and we shall 
have 

OH: GI ::EC:ED. 
But EC\ED::AB:AS; 

whence GH : GI : i AB : AS. 

Consequently, if we make 6^ equal to the length of the route, 
or distance AB (Georn. 142), GI will be the corresponding dif- 
ference of latitude. 

Therefore, notwithstanding the path described by a ship is a 
curved line, if we construct a right-angled plane triangle having the 
hypothenuse equal to the distance, and one of ike acute angles equal 
to the course f^the side adjacent to this angle will be equal to the 
difference of latitude. 

67. It remains to determine the change of place east or west^ 
answeritig to any given course and distance. It is evident that 
this is CD for the indefinitely small route EC. Now, if we sup- 
pose, as above, triangles equal to CED, corresponding to the 
several parts of AB, it will be seen, as in the former case^ that 
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the sum of ftll the hypothenuses EC9 or the whole distance JSlB, 
is to the sum of all thfe sides CD, or the who]e change of place 
east or west* as EC is to CD ; or, on account of the similarity 
of the triangles CED, H6I, as GH is to HI. 

Accordingly^ if we make a right-angled plane triangle having 
the hyptfthentise equal to the distance, and on^ of the oblique angles 
eqn^U to the eoursCf the side opposite to this angle ivUi be eqtud to 
the departure or the change of place east or west. 

68. The two propositions above given hold true, whatever be 
the distance to be reduced* Although this distance and change 
of place east or west be curved UneHy it is not less rigorously 
exact to represent them by the sides of a right-angled plane 
triangle. But we should fall into a mistake ir» finding that QI 
Is equal to AS9 we Nhould conclude that HI is equal B8. HI 
indeed is equal to the sum of all the small arces CD9 which sum 
is greater than BS, since CD is greater than OQ. Moreover, if 
from the pole P we describe the arc MI9 it will be perceived that 
in, or the sum of the small arcs CD9 is less than AR. 

69. When we have determined the change of place no]*th or 
flouth, it is easy thence to deduce the difference of latitude ; for, 
since this change takes place in a great circle, we have only to 
consider every sixty nautical miles as so many degrees, and to 
call the remainder minutes. 

70. As to the difference of longitude we cannot so readily 
deduce this from the change of place east or west ; for, as we 
have just seen, the sum of the small arcs CD is greater than B8 
and less than AIL If we knew the latitude of an arc precisely 
equal to the sum of all the arcs CO, it would be easy thence to 
determine the arc •^fJV'the difference of longitude (35). Indeed 
this sum of the arcs CD does not materially differ from TF, the 
middle parallel between All and B89 except when the distance 
AB Is great, or occurs in high latitudes!. When, therefore, 
we have found the difference of latitude GI9 if we add the half 
of this to the less latitude AM9 the sum will be equal to MTf the 

t If .^^y the distance to be reduced, be 6()0 miles, the greatest 
error of the above assumption would amount to a little more 1'^ n^ar 
the parallel of 45^, it would be 4f towards the parallel of 6O0, and 
32 1 near the parallel of 75'^i and these errors vary according to the 
cube of the distance. 
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latitude of the loidffle parallel; we ibm oMaJ^ the diffeveniie ofi 
longitude by the following proportioii ; 99 the cmm of tfusi 
l%titade JUT of the middle pamOel is to radiu9> so i^ TV, &qimh 
nearly to Iff, the sum of the arcs GD^ to the mimher o{ duIm qo 
minutes in the arc MN!i In, other words». we coBQtffuct i^ ifigbt- 
^ig' 44.angkd triangle BCB^M- 4^> having the angle QBJOtwffsA ta 
the latitude of the middle parallel, and the side #P adjacettt ^ 
this angle equal to the number of miles in Wf{^^(m* l4^)»%iiA 
the hypothenuse BD is the value of ^ ajpo Mf^i foi^ hj (he 
common theorem <tftrigonometpyf . ^^ 

sin BDC or cos CBD : R:: BC; -BB, ~ 

and, tiy what has heen shown above^ 

cos mid. laU : B : : dep. : diff. long. ; ^ 

therefore BD is the difference of longitude in miles or i^inut^., 
71. But the difference of longitude may he obtained more cor- 
i^ectly and in a manner adapted to aljl distancei^ and latitudes,, 
By what hs^s already been proved (35,37) 

?ig. 43. CD :IK:: cos ID : 9 (Jig. 43) 

: : R : sec LB* 
Moreover the right angled-triangle CJS/> gives 

ED: CD:: R : tang CED (Trig, 30) ; 
and by taking the product of the corresponding terma^, \ve have 

EDi LK::R» : sec LD tang CED; 
whence 

rjy*^ BD X sec LD tapg CED 

RT^ 

_ ED sec LD tang CED ^ 

R ^ R • 

^ . ED see LD ^^ .x ^ . 

R expresses the magnitude to he allowed to the 

parts ED of the meridian on Mprcatcfr^s chart (37) ; by adopt- 
ing the same reasoning for the ^ca (JD correspond ing^ to tb« 
difierent parta of •4B, we arrive at the concIusioD, that the a«iQi> 
of all the arcs LKjor JMSV, is ^qual tcj the sum of %IlJhc. mficir. 
dioual parts of the difference of latitude J8 multiplied by 

9 ^ — 9 that is, multiplied by the ratio of the tangent of (he 

course to radius. We hence derive this simple rule for finding, 
the difference of longitude. Radius is to the tangmt of the awrsc 



as tHidffesmux ^kiit^ an, JItmalfitFsf Amii iaiatke diffetenec 

7%, If WQ construct a irightrtngM triavgk fiUTX' haTiog^ the 
angle B- eqml to the course, and the side &K! equal to the dif- 
ference ef latitade on Mercator% chart, or the meridional dif- 
ference of latitude, tiie side SfL' will be the diffiBrence ef longi- 
tude; fDr by trigonometryy 

J»:tangJr'Gfr :; BK" : K'L'y 

and, by what is above shown, 

^ : tang amrse : : mtriL d^. laU'x d^. Un^. 
Therefore K'L' is the diflference of longitMe. This being 
added to the longitude of the place of departure, pr sub- 
tracted from 'it, according as ^bt route has been from or toward 
the first meridian, wiO give the longitude of the place at which •-< 
the ship has arrived. 

TSm Moreover from the similarity of the triangles GIH, 
GlKT^iV-We haye the proportion 

or. mil BX! I K'U^ 

thafeisA ' . 

i\ff. lot* I departure : : mmi* diff. laL : diff. long. 

74; Let now the following cjuieatipn. be proposed. A ship, in 

latitude 47** 23' N. and longitude 10° 17' W. from Greenwich 

sails 126 miles, in. a direction S. W. by W. that is,, making an 

angle witbrthe meridian of 56"* 15' ;. what is the latitude and lonr 

^tude of the place at which she arrives ? 

We in the first place construct a triangle ABC (Jig. 45), hav- ^^ff* ^^' 

ing the angle Jl equal to the course or 56° 15', and the side JIB 

equal to the distance 126 ; BC will then represent the departure, 

and M the difference of latitude. These are found as before 

(64), in. the following nu^nner^ 

A3 sin. = radius • . • • IQ^OOOOO 

is tp.di?= 126 miles ..•.•••• 2,10037 

so is sin .A •• 56'' 15' 9,91985 

ib BC-rs departure s=' HHnriles • . . • 2,02022 



^ 



t This diSerence of latitude on Mercator's ehart is called meri- 

4 

dionql. difference of latitude^ It should be observed that, if the 
two extreme latitudes Aj H, be one north and the other south, 
the sum of the latitudes oa Mercator's chart ia to be taken instead of 
the difference. 
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As the sine of C s radius • 10,00000 

is to •^B= 126 2,1003r 

so is sin w8BC7=cos wfl • • 56"" 15' . . . • 9.74474 



to ^C = diff. lat. = ro miles = l** 10' . . . 1,8451 1 
Subtracting 1*» 10' from 47° 23' we have 46° 13' for the latitude 
of the place at which the ship arrives ; and by adding half of 
1« 10', or 35', to the less latitude 46° IS', we have 46° 48' for 
the middle latitude between the two places J and B. 

We next draw BD making the angle CBD equal to 46"" 48', 
the middle latitude. The line BD will then represent the differ- 
ence of longitude, and is found thus. 

As the sin D = cos CBD = cos 46° 48' , . . 9,83540 



0,1 6460 
is to the departure = BC = 104 miles • . • 2,02022 
so is sin C = radius • • • • 10.00000 



toir/)thediff. of long. = 153 = 2°33' . • . 2,18482 
As the direction in which the ship sailed is from the first 
meridian, this is to be added to 10° 17', the longitude of the place 
of departure, which, gives 12® 50' W, for the longitude of the place 
at which the ship arrives. 

75. The two right-angled triangles JIBC9 CBD, may be con- 
sidered as forming one oblique-angled triangle in which dB is 
the distance, d the course, BD the difference of longitude, and 
D the complement of the middle latitude. Consequently, any 
three of these being given, the fourth may be immediately found; 
thus, in the above example, omitting the proportion for the de- 
parture, we might proceed directly to find the difference of 
latitude, and thence the middle latitude, the complement of which 
would be the angle D. Knowing, therefore, the angles d and 
Df and the side w9i?, we obtain the difference of longitude by the 
following proportion : 

As sin i> = cos CBD . . • mid. lat... . 46° 48' • 9,83540 



0,16460 

istoJBrr distance = 126 2,10037 

so is sin .A • • • course ... 56^ 15' . • . • 9,91985 



to £JD = diff. long. = 153 ••..,.. 2,18483 
as before. 



It will be perceived that in the right-angkd triangles JUBC, 
BCD9 any two of the parts of which we have been speaking 
being known in one, and one part in the other^ the right angle 
excepted, the i^st may be found. 

76* To perform the above question by the principles of Mer* 
eater's charts we take JiD (Jig. 46), equal to the meridional ^'^S* ^^ 
difference of latitudef ; 'We then draw DE parallel to BC and 
meeting JiB produced in JB. DB will be the difference of longi- 
tude, and is thus found* 

. As radius • « IO9OOOOO 

is to tang «9 • • . course • • . .' 56"^ 15' • • . IO5I751I 
so is dD =£ merid* diff. lat. = 103 • • • • S9OISS84 

to DE diff. of long. = 1 54 = 2° 34' . . . . 2, 1 8795 

When the departure and difference of latitude are known* and 
not the course, we have the proportion (73)* 

As«aC = proper diff«lat. = 70 1,^4511 

8*15489 

is to AC = departure = 104 2,02022 

so is AD =: merid. diff. lat. = 103 ... . 2*01284 

to l>lf = diff. long. = 2^ 34' 2*18795 ^ 

77. It is scarcely necessary to observe, that in this case* as 
in that of former solutions* any two parts besides the right 
angle (provided these two be not the other two angles) being 
given* the remaining parts may be found ; thus* let the latitude 
%nd longitude of any two places* either at sea or on land* be 
known, and their bearing and distance are readily determined. 
Suppose the two places to be* for instance* the southernmost 
[)oint of land in England called the Lizard* in latitude 49° 57' 
S. longitude 5° 15' W. and the island St. Mary* one of the 
Azores in latitude 36° 57' N. longitude 25° 9' W. 

Lat. Lizard 49°5rN. mer. Jiarts 3470 long. 5° 15' W. 

Lat. St. Mary 36 57 N. mer. parts 2389 long^. 35 9 W. 

BifF. lat. 13 s 780 mer. diff. lat. 1081 diff. long. 19 54 == 1194 

t The meridional difference of latitude may be taken from a table 
)f meridional parts, calculated in the manner described in article 38. 
iee table of Meridional Parts at the end of this volume. Or it may 
)e found by means of the line marked Mer. on Ganter's Scale. 






4fe ^pplicaHm tf IV^ 

rig. 46. Construct the trlMgte JWE (fig. 46) tnnking «f 2) » IdSl, the 
Bieridimal difference of tatil^de, MA OB perpendictlAr to 
«ADs: 1194, the diBbrence of longitoA^^ and join JIB. 'Fht 
angle DAE will be the course^ of bearing of SL Mary ftom 
the Li&sard) and is Aland thnsy 

AsJiD:^: lOSl • « . . « d,03S8S 



■t^iMM 



6>9d6ir 

istol>£=lt94 « 3,07700 

80 is radius • • 10>00000 



tMHkMi*Hi«w^^l* 



to the tang DAE = bearing • . 47'' 51' « • 10>04dl7 

If now fh>m A we set off AC =: 780, the proper difference of lat- 
itude, and through C draw CB parallel to DBf we shall have 
AB equal to the distance of the above places from each other, by 
the proportion {^Trig. SO},. 

As radius •, 10,00000 

is to the sec course . • • «d . . . 47° 15' • « • 10,17d£3 
so is the diff. lat = ^90 = 780 £,89209 

tothe distances .4^9= 1162 .••••• 8,0653^ 

78. In resolving the several problems of this chapter we have 
given only the method by logarithms. Where great aecoracy 
is not required, the operation may be performed very expedi* 
tiously by means of the lines on Oonter's Scale. Similar re- 
sults also might be obtained by geometrical construction. When 
the given parts of a triangle are such as admit of the others 
being calculated by the rules of trigonometry, the triangle may 
be constructed (Geom. 14 1^ &c.), and the part sought, if it be a 
side, is found by taking it in the compasses and applying it to 
the scale of equal parts^ used for the given side or sides. If the 
required part be an ai^le, the degrees and minutes contained in 
it are determined by eitlier of tlie rules for measuring an angle. 
Fig. 46. Thus, irt the triangle ADB (fig. 46), Constructed as above 
described, the angle A is found by taking from the scale of 
chords the chord of 60°, or radius, and describing from the 
centre A an arc, meeting the two sides AE^ AD, produced if 
necessary, and then applying the chord of the contained arc to 
the same scale of chords (Gfeam. 136). 



i 

f 9» The forega^ne principles and examples bein|; well under- 
stoodf the learner will be able without difficulty to solve the fol* 
lowing questions. 

1. A ship in latitude 16<> ^5' S. sai]e4 N. £. | N. 540 miles. 
Required the departure thus made, and the latitude of the place 
at which she arrives^ 

Ans* Departure 342 miles, latitude 9"* 38' S. 

t* The diflTerence of latitude between two points is 441 miles, 

and the coarse 8. W. by W. Required their distance asunder, 

and the departure. * 

- • Ans. Distance 793,8 mis. departure 660. 

3. A ship from Cape Clear, in latitude 51^ 18' N. and longi- 
tude 11'' 15' W. sailed S. E. | S. 480 miles. Required the lati- 
tude and longitude of the place at which she arrives. 

M Ms. Latitude 45* 2£' N. longitude S« 9' W. 

4. A ship fr^ Bayonne,^in latitude 43^ 29' N. and longitude 
l"" 30* W. sailed^. W. | N. and by observation is found to be in 
latitude 51^ 3l' N. Required the distance sailed, and tlie longi- 
tude of the plafce at which she arrives. 

•iSfn^. Distance 6:23,5 mis. longitude W 17' W« 

5. It is required to find the bearing and distance from Land's 
End to the inland of Bermudas, the latitude of the former being 
50*> 06' N. and the longitude 6*^ 00' W. and the latitude of the 
latter place 31<' 20' N. and the longitude 64<'48' W. 

Ms. Bearing S. 66** 55' W. distance 2872 mis. 

6. A ship from Conception in latitude 36° 43' S. and longitude 
72** 40' W, sailed upon a single course between the north and 
West till she was found by observation to be in latitude 29** 38' 
S. having made 324 miles departure. Required her course, 
distance, and longitude. 

Ms. Course 37° 19', 
Distance 534 miles. 
Longitude 79° 07' W. 

Beside the problems in navigation now resolved, there are 
others of the greatest importance, which depend upon the princi- 
ides of spherical trigonometry* These will be found in the next 

chapter. 
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Mscdlaneous Questions to be solved by the rules of Plane 

nometry. 

Vig^^T. 80. 1. Let •! {Jig. 47\ C, be two stations on a sloping 
ground^ distant 410 yards^ an object on the top of a hiD ; the 
following angles being found by observation^ namely^ OCJt = 
7^ £9^9 OMIszesP 11% and the angles of ekvalkm at Jt and C 
6^ 36' and 5°,^^ respectively^ it is required to calcditfe the 
height and distance of the object from each station. 

Jns. AQ = 660,302, CB = 600,728« 
0J7=s 56,431, 0€lfs 76,4. 

£• It is required to find the distance at which the Peak of 
Fig. 48.Teneriffe may be seen at sea, its height AB (Jig. 48) being 2^ 
statute miles> and the diameter of the earth BE 7916. 

Ms. 135 milesf. 

5. The top of a mountain being seen in the horizon at the 
distance of 154 miles, what is the height of the mountain ? 

Ans. S milesf, 

4. The bearing of Boston light-house from Harvard Hall in 
Cambridge, being S. 74° 29' £. and the distance 12^ miles, 
required the latitude and longitude of the light-house, the lati- 
tude of the above building in Cambridge being 42° 23^ 28" N. 
and the longitude 71° 07' 25" W. from Greenwich, 
Fig. 49. 5. From a ship under sail, an island (Jig. 49) is observed to 
bear N. 221** E. and after proceeding N, 67^° W, 20 mUes, the 
bearing of the same island is found to be N, 56^'' E, The dis- 
tance from each place of observation is required. 

Ms. AC 29,93 miles and BC 36 miletk 

6. It is required to find the distance and bearing of the city 
of Washington from Boston^ the latitude of the former place 
being 38° 58' N. and longitude 77^ 2' W., and the latitude of the 
latter 42° 22' N. and the longitude 71° 4'. 

t No allowance is made in these solutioni for terrestrial refraction. 
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CHAPTER III. 

Of the Solution ofProhleins in Spherical Trigonometry. 

81. The learner has already been made acquainted with the 
rules necessury for the solution of the cases that occur in JVtiu- 
fieal A$tro7wmtf (61). The principles also upon which the lines 
of (be celestial sphere are represented have been taught in the 
chaptei' on projections. More particular details relating to the 
construction of spherical triangles may be found in the note on 
the Descriptkm umd Use of the Scale^» 

^ 82. Given the sun's dedination equals for exam^e^ to 12^ 13' 
N. to find his longitude and right ascension^ the,obliquity of the 
ecliptic being 23° £7' 57". 

The solstitial colure JV!E5Q (Jig. 50)» being assumed as the Fig. 50. 
primitivey the equator and the ecliptic will have their poles each ^ ^x 
in the circutnference of the primitive, and, being great circles^ will \ 
be represented by the straight lines E^^ ^v5 ^passinjp through ^ 
the centre of the primitive, and making the angle Jt^Q equal . 
to 23"* 27' 57", the obliquity of the ecliptic (18). Draw the small 
drcte m n at the distance of IsP 12' from Eq^ or 77^ 48' from JVJ 
ttiepole of Eq (18), and through Q, the intersection ot ^VS 
and m n, draw the celes(tial meridian J^TQS (Jig. 14, 15). In the ^iff- H 
triangle JQ^, right-angled at A^ we shall have w9TO equal to 
23° 27' 57," the obliquity of the ecliptic, and AQ equal to U"* ^ 
12% the sun's declination, to find YOt the sun's longitude or dis- 
tance from Aries reckoned on the ecliptic, and cy»w9, the sun'd 
fight ascension or distance from Aries reckoned on the equator. 

To compute the first of these quantities, tlie three circular partd 
in question are .tfOyCocf 0»co.^<fO (Trig. pagers). Aq being 
separated from the other two, this is the middle part, and the 
other two opposite parts ; whence 



\ It is supposed in what follows of this chapter, that the stadent 
has some knowledge of astronomy, aad particularly of the technical 
language of the science. 



52 application of Trigonometry. 

B sin ^0 = cos (co VO) cos (co ^t0) = sin «fO sin Ji^Q, 
which gives the proportionf 

sin ^ Y . . obliquity . • . . 23° 27' 57" • . 9,60010 

Arith.coinp. « . . 0,39990 

is to JS . • 10,00000 

as sin AQ . . declination • . 12° 12' ... 9,32495 



is to sin TO . . longitude . . 32° 03' 09" . . 9,72485 

83. To find the right ascension, fA the three circular parts 
are co ©v^, T*^> and JiQt of which neither being separated 
from the other two, since the right angle is not considered as 
disjoining those between which it is placed, <f •^ is the middle 
part, and the other two are adjacent parts ,* whence 

Rs\nyJi = tang (co © ^Jl) tang AQ = cot © <r^ tang AQ j 
and to find <y>«/9 we have the proportion 

R . . '. 10,00000 

is to cot T^ . . obliquity , . 23° 27' 57" . 10,36241 
as tang JiO • • declination • . . 12'' 12'. • , 9,33487" 

is to sin V^ . . right ascension 29° 52' 20" . 9,69728 
If this be converted into time at the rate of 15° to an hour, we 
shall have for the right ascension in time l'^ 59' 29". 

84. It will be observed that as the sun's declination is the 
same four times iu the year, namely, at equal distances each 
way from the equinoctial points, the same declination answers 
to four different situations of the sun, as to his longitude and 
right aHcenaion. When the declination is given,, therefor^, it is 
necessary to know the time of the year or the part of the eclip- 
tic, at which it takes place, in order tlience to determine the sun's 
longitude and right ascension. Thus, while the sun is moving 
from T to gs, or is in the first quadrant of the ecliptic, the lon- 
gitude is T , and the right ascension SP«tf, as above given. 
When, however, the sun has passed the solstice Sd, and is 
descending toward ^^ the computation having reference to the 
triangle ^^Qf gives d^Q, dsi:.^, the distance of the sun from :&, 

t It will he observed that the proportion must begin always with 
that term of the equation which is multipled by the term sought. 
The three first terms then become known terms^ and the last the 
term required. 
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flie snppletiiento of which^ or what they want of 180^, will be 
the distance of the sun from T, or the longitude and right ascen- 
sion respectively. 

When the sun has passed sa* and is descending toward V5, the 
computation relates to the triangle s£h a 0, and the quantities 
;£^ Q, dh Ay arc to be iiided respectively to 180^^ to obtain the lon- 
gitude and right ascension reckoned from SP« 

When the sun has passed V) and is ascending toward T, we 
make use of the triangle HPaO« ^^^ the arcs T 0, <f a, found as 
above, are to be taken from d60S and the remainders will be the 
longitude and right ascension respectively. 

85. It will be perceived that in the triangle •^'V 0* above men- 
tionedy any two parts beside the right angle being given, the 
rest may be found. If, for Instance, we had ihe longitude 
•f = 32^ 03' 09", and the obliquity of the ecliptic .tf T = 23° 
27' 57", we might proceed to find the declination and riglit ascen- 
sion. Thus 

To find the declination •/90, the three circular parts being 
CO .4^0, CO T0 and •^0, the middle part is .^0, and co 
•flV0, CO T0 are opposite parts ; whence 
M sin AO = cos (co A'^Q) cos (co T 0) = sin jf SP sin T 0, 
and 

11 • 10,00000 

is to sin wJT . . obliquity . . 25** 27' 57" . 9,60010 
as sin T • . longitude ••••32'' 03' 09". • 9,72485 

is to sin j90 . . declinatiop . . 12'' 12' • • . 9,32495 
To find the right ascension Tw9, the three circular parts being 

T^, CO .5V Of CO V0, CO ./iT0 is the middle part, and TAf 
CO T adjacent parts ; whence 

7if8in(co*flT0) 
or £ cos .^T = tang ^A tang (co T 0) = tang ^A cot T O, 
and 

cot T . . longitude ..•.....•. 32® 03' 09" 10,20333 

9,76667 

istoB 10,00000 

as cos A^O . . obliquity 23° 27' 57" 9,96251 

is to tang V.tf . . right ascensionf . . 29® 52' 15" 9,75918 

t This result differs from the former by 5". They will be found 



54 .^tMriiaii ^ 3V%oiiMieb^. 

86. 1. Given the sun's dediiiatien W 16' N. nicreasfaigy to fMt 
his longitude and right ascension, the obliqiiitjr being as above 

stated 23^ 27' 57". 

.dns. Sun's longitude 47° 35'p and r^bt ascension 45"^ or'. 
2. Given the sun's right ascension 134'' 54', to find hislongttiite 
and declination, the oblkiuity of the ecliptic being ftS° %7' 57". 
* Ms. Sun's longitude 4' 12^ 26', declination 17'' 06' N. 
87. The latitude of the place equal, for example, to 42^ 23' 28" 
N. and the sun's declinatioii, being given, to find the time of 
rising and setting of the sun on the 21st of June. 
Fig. 5L Taking the meridian ZHJ>r'0 {Jig. 61) as the primitive, the 
equator and horizon will be represented by the straight lines 
E^f HOj passing through the centre of the primitive, and making 
the angle £tH equal to the complement of the latitude, JV%f per- 
pendicular to E^^ will represent the 6 o'clock hour circle, or the 
meridian perpendicular to the meridian of the place ZJJJV*0. 
The small circle n wi, drawn parallel to E^ and 23*" 27' 57" dis- 
tant from it, will represent the apparent path of the sun on the 
21st of Jrnie. will be the place of the sun at sunrise, and n 
his place at noon* Accordingl.ir the hour angle OJVm, or the 
are On, or which is the same thing as to the number of degrees, 
AEf converted into time at the rate of 15^ to an hour, will give 
the time of sunrising and sunsetting from noon. But SP£ being 
90° is equivalent to 6 honrs. It is only necessary, therefore, in 
solving the above problem, to find the arc «dT, called the asctn- 
simal difference. Now in the triangle -fl© T, right-angled at Jt, 
we have ^T © equal O^ or Etl, the complement of the latitude, 
and j9© the sun's declination, to find .^T. In this case we have 
.dT for the middle part, and co .4 T 0/.4© , for the adjacent parts. 
"Whence 

BsmA^:= tang (co .AT ©) tang .3© = tang JVT tang •*©, 
and 

R , 10,00000 

is to tang JVV O . . lat 42*23' 28" . . 9,96040 

as tang wJ© • . declin. ... 23° 27' 57" . . 9,63759 

is to sin ^ T • .* aseen. diff. . . 23° 20' 42" . • 9,59799 

to agree, however, when logarithms- are employed to seven places of 
declimab instead of five. 



Im tke ppeccii a g aohitims^ bj iMng nUm into coHftidera- 
tioB w« vedaee the operatioii fbr tbe otisMier to the form of a pro- 
portioiiy analogous to what takes place in most of the cases of 
plane trigonometry* The same resalt might be obtained more 
concisely by feUowing the rule in Itidtcs {Trig, page 64). Thus 
in the above probiem, for example^ we have 
sin .tfV 3= tang (co A^q) tang wJ© = tang JVT © tang'id©^ 
or^ by taking the logarithms, * ^ 

log. sin JT s; log. tang JW © -f log. tang AQ. 
thus, 

tang JVIP © . . lat. . • • . 42« 23' 2S^' . . • • 9,96040 
tang AO • • declin. . . .iS"" flf 9f' . . • . 9,63759 

sin «d1^ • • ascen* diff. • . 23^ 20' 42'' » . . • 9^59799 
The arc 23*" 20' 42" being converted into time at the rate of 
IS"" to an hour gives 1^ 33' 23" nearly for the time the sua 
rises before and sets after 6 o'clock, on the longest day. Hence 
&^ ^ Ih 33' 23" -s 411 26' 37" time of sunrising, 
6^ + V 33' 23" = 7^* 33' 23" time of sunsetting. 
7^- 33' 23", the time of sunsetting, being the time from noon, or 
half the day, if this be dojubled it will give 15^ 06' 46" for the 
length of the longest day. Also 4° 26' 37", the time of sanris- 
ing,. being the time from midnight, if this be doubled it will 
give the length of the shortest nighty at any place whose lati- 
tude is 42* 23' 28". 

88. Moreover, if we draw the parallel of declination r s 
23^ 27' 57" south of £Q, we shall have Bq <f equal to .^© T ; and 
TjB, equal ^A, converted into time, shows how long it is after 
6 o'clock before the sun rises, and how long before 6^ the sun 
sets. The longest night and shortest day, therefore, become 
equal respectively to the longest day and shortest night, as 
before found. 

It will be perceived from what is above shown, that when the 
latitude and declination are both north or both soutli, the sun 
rises before and sets after 6 o^clock ; but when one is north and 
the other south, the sun rises after and sets before 6. 

89. We have seen that n m and r s rf^present the apparent 
path of the sun, when at its greatest declination north and south, 
and that m© measures the time fh^m midnight to sunrise, or 
half the night, and r© the time from sunrise to noon, or half 
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the day. Consequently , when QO, the complemeit of the latitude, 
19 less than ^Q ov ^9 the declination ctrclesy « m and r a will 
not touch the horizon HO. In such a. case, therefore^ when the 
sun is in nm it will not set^ and when it is in rt^it will not 
rise. But this can happen only to those places whose polar dis- 
tance is less than the sun's greatest declination 23* 97' 57'\ 

90. It may be observed, that as O is the north point of the 
horizon, T- is the east point, and T is the sun's amplUudt or 
distance from the east at the time of rising, and from the west 
at the time of setting. This arc of 'the horizon TO belon^^ing 
to the triangle T^O» already employed, we have for the circu-* 
lar parts co w^T 0, co TO and .^O, of which .iO.is the middle 
part, being separated from tiie others by the angle Y 0«if and 
cos (CO ^SP 0), cos (CO TO) are opposite parts. Whence 
sin wJ0 = cos (co A^Q>) cos (co TO) = sin dflTO sin TO, 
Dividing both sides by sin .JT 0, we have 

• rv>^ sin •^O 
Sin TO =-: — , 

sm.d'ro 
or^ by taking the logarithms^ 

^ log. sin T O =cIog. sin JIQ — log. sin A'^Qf* 
thus, 

sin AO ... declin. . • • 23" 9.7' 5f'.... 9,600ia 
sin .^ T O . . CO lat. . . 47' 36' 32" • . • . 9^683Sr 



sin T O . . amplitude . . 32** 37' 35" from N. . 9,73171 
In the triangle ^JiQmny two parts beside the right angle 
being given, the rest may be found. Let the sun's, amplitude^ 
for instance, be supposed to be known equal to 32^ 37' 35" from 
the north, and his declination equal to 23° 27' 57" N. to find the 
latitude and time of the sun's rising and setting. 

Ans. Latitude 42° 23' 2a" N. 

Time of sun's rising 4* 26'. 37", 
Time of sun's setting 7"^ 33' 23". 

At London in latitude 51^ ^. N. the sun's amplitude bein^ 
found by observation equal to 29^ 48' from the north, what is the 
sun's declination and time of rising and setting 2 

Ans. Sun's declination 23° 27' 59" N. 
Time of sun's rising 3^ 47' 32", 
Time of sun's setting ^^ 1 2' 28". 



99b Jta^tired the aaiitMlh and line of rising agd ntMing of 
Arctntm at Cambridge, in latttude 4^ ^ £8" N. Aagast 1, 
1820, the tlecltnalion of the star being 20^ 07' 23" N. {Jig. 52), Fig. 52 
and its rigM ascension 14^ T' 28^, knd the right ascension of the 
sun S^ 45* 5^\ 

The learner will proceed in this case to find T .fas before. 
This rrdmced to hours, minutes, &c. and added to 6^, will give 
the time in which the star passes from the hc^rizon to the 
meridian. But the star crosses the meridian 14^ 7* 28" — S'^^s* 
59*, or 5*" '21' 29'' after the snn, that is, at 5^ SiV 29" P.M. 
Consequently the above time subtrat'ted from this (increased by 
12^), will give the time of the star's rising, and added to this, 
will give the time of the star's setting. 

Ms. Siwr^ azimuth 62^ 14' 07" from the north, 

time of rising l^ 08' Sfi^*^ A. M. 

time of setting 12>* 39' 38" P. M.. 
91. The above method may be emplpyei to jB,nd the time of 
rising and setting of the moon and planets. But when the 
change . of declination^ is considerable in a short time, as iathe 
case especially with respect to the moon, and with re^pe^ct to the 
sun whea near the equator, the declination should be ascer- 
tained ne»r the time of rising and selting^ of the bedy m ^(ues- 



92. Given the latitude of the place equal to 42^ 2d' 28," aiN^ 
the sun's dedmalion equal t» 2S* 9f 57" N. to find the sun's «, 
attitBde' und aalmiidi at .6 o'dock» 

Tbe meridian EMqj^ (Jig. 53)^ tba e^alior E% &c. bebig des* Fig. S3. 
cribed as in figure 51, the declinatioiy circle niii will cut the 6 
o'clock ho«r circle ^8 in 0, the sun^s place at 6 o^clock* 
Tiimagh ® describe the azimttth circle ZQ>dJ^^ cuktin^p tJia 
horizon in w9. 

in the triangle SP.^0, right-angled at A^ we shall have 
Ulf =r the latitude, <V = declination, to^find .^O the akitade* 
In this case J0 is the middle part, and co^ji'VOs co T0 opjra* 
site parts. 1^ hence 

mijttB =scoa^(co^V0)cos(co «ip©) = si»4T0 sin T©, 
andf taking the bgat>i(sha», 

log. sin .^0 =ilog; sin M'f'O +kg» ^^ ^^9 
thus 
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sill jf T© • • . • lat • . . 42'' Sd' %%f . . . '. ^«1M78 
. sin V © ... . declin. . . 23^ 27' 57" .... 9,60010 



sin wj© . . alt 15^ 34' 22" • • . • p,42888 

It is evident^ moreoTer, from the above constructionf that the 
an^ OZAf or which is the same thing, the arc 04^ is the sun's 
QsdmvJOif or angular distanqe. from the north. Accordingly, if 
we find ^A in the above triangle T^©^ and subtract it from 
90"", we shall have OA = sun's azimuth at 6 o'clock. The three 
circular parts in thi^ case are ^^, co wJT 0« co SP ©, of which 
CO ^SP© is the middle part, and TjJ, co T©, adjacent parts. 
Whence 

sin(co^T0) 
or cos ^ T © = tang T^ tang (co T ©) = tang T jj cot V © 

or tang SP^ = — ■ ^ ■ 

** cot T O 

and, by logarithms, 

log. tang Vwl = log. cos ^ V O — log. cot. T ©, 

thus, 

cos ^ V O . . . lat. 42° 23' 28'' . . 9,86839 

c^t T © ... declin. ... 23" 27' 57" • . 10,36241 



tang ^A . . conazimuth ... 17° 46' 35" • . 9,50598 
consequently 90* — 17° 46' ^5" = 72° 13' 25" = sun's azimuth 
at the above place and time. 

03. It is obvious to remark that, as the declination T© 
increases, the altitude AQ of tte sun at 6 o'clock increases also^ 
and the azimuth OA diminishes. While on the contrary, the de- 
clination decreases, the reverse takes place, till the declination 
becomes nothing, when the altitude at 6 o'clock is nothing, and 
the azimuth 90^ ; that is, at the equinoxes the sun rises in the 
east and sets in the west at 6 o'clock. 

94. In the above solution the latitude and declination are 
both of the same kind, namely, north. The same will evidently 
bold triie, when they are both south. When, on the other hand, 
one is north and the other south, we shall liave a©, equal A Of 
equal to the depression of the sun below the horizon at 6 o'clock ; 
and aT, equal ^T, equal to the complement of the sun's azimuth, 
reckoned from the south point H of the horizon. Thus the sun 
is as far below the horizon at 6 o'clock on the shortest day, as 
he is above the horizon at 6 o'clock on the longest day ; and the 
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sun rises as far soath of east in tke former case, as he rises 
norHi of east in tbe latter. 

95. In the above triangle ATO any two parts beside the 
right angle being giTen, the rest may be found. Let tbe two 
l^ven parts foe^ for instance, the declination T o|?= ^^^ ^7' 57% 
and the altitude at 6 o'clock Ao=l5^ 34' 22% to find the lati- 
tude of tbe plaee ^T 0> and the sun's azimuth, the complement 
of ^V. 

J3lns. Lat. 42*" 23' 28" 

Sun's azimuth 72° 13' 25". 

Given the latitude of the place OJV (Jig. 54) = 51° 32' N. and Fig. 54. 
the declination of a star SP :|c =s 20'' 16' N» to find the altitude 
and azimuth of the star, when on the 6 o'clock hour circle* 

Jns. Altitude 1 5"" 44' 
Azimuth 77'' 08'. 

The time of the star's passing the 6 o'clock hour circle olay 
be found by subtracting &^ from the difference of the sun and 
star's right ascension for the given time. 

96. Given tbe latitude of the place 42"* 23' 28" N. and the 
sun's declination 23^ 27' 57" N. to find the time when the sun 
is east or west, and his altitude at this time. 

Figure 51 being constructed as already described (86), Z^ Fig. 51. 
will be the prime vertical, or great circle perpendicular to the 
horizon passing through the east and west points. The point a, 
where the tropic n m cuts ZJ^, will be the place of the sun, 
when seen due east or west, and Ta will be his altitude at this 
time, and the hour angle a .ATZ = BE = complement of TB, 
reduced to time, will give the hours, minutes, &c. from noon, 
when the sun is in this situation. Accordingly, in the triangle 
TaB, right-angled at B, we have aTB= latitude, and Ba= sun's 
declination, to find Ta and TB. 

1. The three circular parts beingBa, co Ta^ and co aTB, 
B a is the middle part, and the other two are qiposite pai*ts. 
Whence 

sin Ba = cos (co Ta) cos (co aTB) = sin Ta sin aTB, 

. ^ sin Ba • 

or sin Tass-t — --^ 

and 

log* sin Ta = log. sin B a*— « log. sin aTB, 
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sin jBa • • • declin, . . .StSP 97' sT' ^ « « 0^0010 



SID Tfl . . • altitude . . S6° 12' 09" . . . 9,77132 

2. To find TB, the three circular parts being co a^B* TB 

and B Uy TB is the middle part, and the other two are adjacent 

parts. Whence 

, sin VB = tang (co oT J5) tang J5 a = cot afB tang B a, 

and 

log. sin VJ5 = log. cot. aTB + log. tang Ba, 

thu9 

CotaTB . . . lat 42** 2S'^8" . . 10,03960 

tang Ba . . . declin. . . 23** 27' 57" . . 9,63759 

Hin^B. * bow angle . . 28*» 23' 42" . . 9,67719 
This angl^ 28^ 23' 42" reduced to hours, minutes* &c., gives 
l^ 53' 35" for the true tinae after 6 o'( Ipck, on the 21st of Jane, 
when the sun is east. According!)^ the actual time is 7^ 53' 35". 
If we subtract this from 12^ we shall hare 4^ 6' 25" for the 
time when the sun is on the prime vertical in the afternoon of 
the same day. 

97. In tlie triangle TaB any two parts being given beside the 
right angle, the others are found as before. The sun's declina- 
tion, for Instance B a, being 23° 27' 57" N. and his altitude when 
on the prime vertical Ta 36^ 12' 09'% it is proposed to find the 
latitude of the place and the hour of the day. 

Ms. Latitude 42» 23' 28" N. 

Hour of the day 7*^ 53' 35% A. M. 
or 4*" 06' 25% P. M. 

98. Given the latitude of the place 42' 23' 28" N. and the gun's 
declination 23° 27' 57'^ N. to find the time when twilight begins 
in the morning and ends in the evening. 

Piy. 55. The meridian (Jig. 55), equator, &c. being described as be- 
fore, we draw the crcpusculum circle rs parallel to the horizon 
HO ^nd 18"^ belovv it, cutting the tropic nm in Q. will be 
the place of the sun at the beginning and end of twilight 
Through © draw the vertical circle Z©JV', and the hour circle 
JfOS. 

In the triangle ZGM' we have ZJV = the co-latitude = 
47*^ 36' 32", Z0 = the zenith distance = 90* + 18* = 108% JV© 
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or i^r^BsttQces: 66"^ 33' Od'^ to find ZA'O « 
hour aigle from noon {Trig. 6£)« 

ZJV= 47° 36' as" 



-*i- 



Sum 22^'' OS' 35'^ 



Half sum ill'' 04' ir'' 

47° 36' 3a" 



1st remainder 63^ d7' 45" . • • log. sin • . • 9»95165 

Sd remainder 44o dS' 14'' • • • log. sin . • , 9,84595 

Z^r 47° 36' 32" • • • ar. comp. log* oio 0, 1^3 162 

JfQ 66° 39' 03" . « • ar, comp. log. sin 0,03749 

19,96671 

74* 14* 15" . . • log. sin | Z^Q =: 9,98335 
2 

Zy© = 148° 28' 30" 

This angle reduced to time gives 9^ 53' 52'' fop the hours, 
minutes, &c. from noon to the commencement and termination 
of twilight Thus IS** —9^ 53' 52" = 2»» 06' 06" is the time of 
daybreak, and 9*^ 53' 54" is the time of the cessation of twilight 
in the evening on the 21st of June in latitude 42^ 23' 28" N» 

If we subtract the time of daybreak from that of the sun's 
rising 4^ 26' 37" (87), or from the time of the twilight's ceasing 
that of the sun's setting, we shall have 2^ 20' 31" Cor the dura- 
tion (rf twilight at the above time* 

99« It will be observed that, when OQ — Q m, or the co-lati- 
tude •-* tiijs declination, is less than O^ or 18^, the sun does not 
descend below the crepusculum circle, and the twilight continues 
all night. Suppose, for instance, the given place to be London 
in latitude 51'' 32'; the co-latitude OQ in this case is 38° 28'. 
If now from 38° 28' we subtract the declination Q m = 23"" 28', 
we shall have Om= 15% andconsequentiy less than Os» m 
therefore falls between O and s, and the decliiiatimi circle n m 
does not iatersect tba crepuscnhim circle r «, and there is no 
cessatioM of the twilight dttrhg tbe nighL We see, moreover, 
that if itha. given place kad a less latitude by 3° than that of 
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Loi^oiiy the crepasculum and deciinfttien circles woald just touch 
each other on the longest day^ and that the sun would desc^id 
onlj 18° helow the horizon at midnight. 

1. Given the latitude of the city of Washington ^8" 58^ N. to 
find the duration of twilight on the 2lBt of March* 

Ans. Duration of twilight l^ SO'. 
£• Given the sun's declination 10° S. the latitude of the place 
•being 51° ^9! N. to find the time of daybreak in the nranpng 
and end of twilight in the evening. 

Am. Time of daybreak A^ 54' %2'\ 

End of evening twilight 7^ 5' S8". 
100. The sun appearing at a mean about 35' above his real 
place when in the horizon^ it is proposed to find how much the 
day is lengthened on this account at the summer solstice. 
Vig. 55. Let the parallel circle r 8 (^fig^ 55) be drawn 3S' below tiie 
horizon HO instead of 18°^ the rest of the figure being constmct- 
ed as before, and we ^hall have ZO s= 90° 33% ZN and ^O 
remaining unchanged, to find ZNQ> the hour angle from noon. 

L ZN = 47° 36' 3a" 
ZO = 90° 33' 00" 
JV0 = 66° 32' 03" 



Sum 



204° 41' 35 



/f 



Half sum 102° 20' 47" 
ZN 47° 36' 32" 



1st remainder 54° 44' 15" 

2d remainder 35° 48' 44" 

ZN 47^ 36' 32" 

NO 66° 32' 03" 



log. sin. • • • 
log. sin. . . • 
ar. comp. log. sin 
ar. comp. log. sin 



57° 06' 53" . . log. sin \ ZNo 
2 



9,91196 
9,76725 
0,13161 
0,0374^ 

19,84831 

9,92415 



ZJV0 = 114°13'46" 
Tlie angle ZNO reduced to time, gives 7^ 36' 56". Accord- 
ingly, if from this we subtract 7^ 33' 23", the computed, time of 
sunsetting where no allowance is made for refraction, we shall 
have 3^ 32" for the prolongation o^f each part of the day on 
account the apparent elevation of the sun produced by refraction. 
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101. 1. The latitode of the place remaining fhe same, it is 
reqoli«d to find how much the length of the day is increased on 
account of refi*action at the time of the equinoxes, dist of March 
and 23d of September, and at the winter solstice 2lsi of De- 
cember. 

2. It is required to find how much the day is prolonged on 
account of refraction at the above tfanes for any other latitude, 
as that of the city of Washington, for instance. 

102. Given the latitode of the place 42'' 23' 28'%. the sun's 
declination 33o 27' 57'^ N. and altitude 46° £0't, to find the hour 
of the day. 

In figufe 56 the meridian, horizon, &c., being constructed as ^ig« ^^ 
before, draw the declination circle m n 23° 27' 57" N. and the 
parallel circle r s 46° 20' above the horizon HO, intersecting 
mti in O* Through O draw the azimuth circle Zo^', and 
the hour circle ^©S. 

In the oblique-angled triangle ZoJf we haye ZJf = coJati- 
tude, ZQ =2 co-altitude or zenith distance, and JVq = co-decli- 
nation or polar distance, to find ZJiO the hour-angle from noon. 

ZJV = 47° 3C' 32" 

Z© = 43° 40' 00" 

JV© = 66° 32' 03" 

Sum 
Half sum 

ZJV 

1st remainder 31^ 17' 45" . . log. sin . . . 9,71565 

2d remainder 12*^ 22' 14" . . log. sin . . • 9,33089 

ZJ^ 47° 36' 32'' . . ar. comp.log. sin 0,13161 

JV© 66* 32' 03" . . ar. comp. log. sin 0,03749 

19,21554 

23° 54' 34" . . log. Sin |ZJV© . 9,60777 

2 



157° 


48' 


35" 


78* 54' 


17" 


47° 


36' 


32" 



ZJV© = 47° 49' 08" 
The hour angle reduced to tSme gives 3*" 1 1' 17" as the interval 
from iloon. This answers to 19}" — S*" 11' 17", or 8^ 48' 43" in 

' -* - I' II- ...I... ■ I II ■ ■ I — — 

t The altitude is tdken with a quadrant, sextan t, or other instru. 
ment, and corrected for refraction. 
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tbe forenoon, or S>. 11' ir in the itfternnon. When the given 
dtttnde is furnished by observation, it is of course known to 
whic^ part of the day it rdmtes. 

loa. To find the aaimuth JfZ& we proceed according to Am 
above method ; thus, 

Ist rem; as before & . . . 31^ ir 45^' log sin. 9,n55S 
I sum ~ ZO or ^ rem, =r 35° 14' 17'' . . . 9^76116 

ZJ\r 470ae'3«'' . . . o,i3i6i 

2© 43^ 40' 00" . . . 0,16086 



19,76918 



«*■•< 



5Q» 03' 10" . . log. sin » J^ZO . , 9,88459 
2 



JVZO = 100*06' 20" 
The above method is to be adopted when the three sides only 
are known. The hoar angle ZJVO, for instance, having been 
found, we should proceed according to the rule, ttie sines oj th^e 
sides are as the sines of the opposite angles (Trig. 47) ; thus 
sin Z0 . . co-altitude . • . . 43^40' 00" . • 9,83914 



0,1608e 

^8 to sin ZJ^O . • hour angle . . 47* 49^ 08^ . . 9,86984 

as sin JSTO • . co-declination . . 6&' 32' 03^ • • 9,96251 



is to sin J\rZO . . azimuth . • lOO'' 06' SO'' . • 9,99321 
104. 1. Given the latitude of tbe place 51'' 30' 54" N. the 
sun's declination 19^ 39' N. and the altitude of the sim'a centre 
38° 19', to find the azimuth and the hour from noon. 

Jlns. Aatimuth N. 107^ 46' 30" W. 
Hour from noon 3^ 30'* 

2. In latitude 51° 32' N. when tbe sun has no decUnatipnt 
what is bis altitude and azimuth at S^ 30' from noon ? 

Ms. Altitude 22° 15', 

Azimuth S. 59° 01' E. or W. 

3. At the time of the equinox tbe sun's altitude being found 
by observation to be 22° 15', an4 bis azimuth S. 59"" £• it is 
required td find tbe hour of the day and tbe latitude of the plaice. 

wjTas, Times"' 30', 

Latitude 51^ ^ N. 



4. U latitude. 39^ 54' N. loiigitirfe S5^ SO' W. the altitude of 
the sun's lower limb on the rth of May 1796, at 5^ SO' 32" P. M. 
per watch was found by obsei*vation to be 15^40' 57"; how much 
was the watch too fast or too alowf ? 

Jns. Watch too slow 3' !"• 

105; Given the right ascension and declination of a star, or 
other heavenly body, to find its latitude and longitude. Let the 
body be Capella, for exatnple* having a right ascension equal to 
75° 51' 04"^ and a declination equal to 45^ 48' 10" N. 

The solstitial colure J^ESQ (Jig, 57) being taken as the prim- Pig. 57 
itive, the equator and ecliptic will have their poles each in the cir- 
cumTerence of the primitive^ and, being great circles, will be rep- 
resented by the straight lines JEQ* 1^^ (jS). Draw the oblique 
circle J^CS* making an inclination QJ{R equal to the comple- 
ment of the right ascension* Parallel to EQ, and di^ttant from 
it 45° 48' 10"j^ describe a declination circle cutting JVCS in C. 
Lastly, through the point C and the poles of the ecliptic n, liif 
project the oblique circle n Cm; C^will represent the place of the 
star,** CFits latitude, or distance from the ecliptic, and Cn T its 
longitude, or angular distance from aries reckoned on the elliptic. 

In the triangle uJ^Cf we have n JV'ss 23* 27' 57,'' the obliqui- 
ty of the ecliptic, jVC= 90« — 45° 48' 10", or 44° 11' 50," the 
complement of the declination of Capella, and the angle 
nJ^c =r 90** +75° 51' 04", or 165° 51' 04", tlie right ascension 
added to 90°, to find n ^/, the complement of the latitude CF, and 
CnJSTn the complement of the longitude V n F, or qp F. 

This question is readily solved by the formula for the case 
where two sides and the contained angle are given (Trig. 61). 
Thus, 

JVC = 44° 11*50" 
llJV=23°27'57" 



JVC + fiJV*=67^39' 4" 
JV3C — nJV3:20°43' 53" 



••"•i^ 



t In questions of this kind the learner is supposed to have access 
to the Mmtical Mmanac^ or other similar ephemeris for the sun's 
declination and seroidiameter for the given longitude and time. In 
the present ca^^e we should find the lun's declination 16° 58' 31^ N. 
and semi diameter 15' 53". 

Topi '9 
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I (JVC + n JV) =s 33«» 49' 53". . . • cos . . . 9,91943 

o;o805r 

1 (JW_nJV) = 10^ 21' 56". . . . cos . . . 9,99285 
I n JW =82° 55' 32" .... cot . . . 9,09378 

I (JVn C+ JWn) = 8° 21 38" .... tang . . 9,1675^0 

I (JVTpf + n JV) = 33*.49' 5S" . • • . sin . . . 9,74566 



mimm^ 



0,^,5434 
I (JVC — n JV) = 10^ 21' 56" .... sin. . . 9,25509 

\nJ^C = 82° 55' 32" .... cot .. . 9,09378 



1 (JVn c — JVCw) = 2° 17' 48" .... tang . . 8,60321 

Baving now the half sum and half difference of the two un- 
knov\n angles, if we add these together we shall have the greater 
(Trig. p. 81, nofe), which being opposite the greater side (^Geom, 
485), will bo JVn C. Whence 

S^' 21' 38" 



JVn C= F25 = 



10** 39' 26" 
90 



T n r= SP K= long, of C = 79° 20' 34" 

To find the side n C, we make use of the proportion, the sines 
cfthe sides are m the sines of the opposite angles (Trig. 47.) 

As sin JVn C . . . . 10° 39' 26" . . . 9,26701 



is to «n JVC • 
80 is sin n JVC 



. . 44* 11' 50" 
. . . 165° 51' 04" 



0,73299 
9,84331 

9,38818 



to sin nC . . • . . 67^ 08' 30" . . . 9,96448 

Taking 67<> 08' 30" from 90°, we have 22° 51' 30" equal to OV, 
the latitude of the star C. '^ 

106. This proUem admits of an easy solution by Napier's 
rules. Suppose a perpendicular CP let fall from the point C 
upon JV^ ; we shall have in the triangle CJVP, right-angled at 
P, the side CJV and the angle at JV^ by means of which we first 
find JVP J thus. 
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sin (CO CJVP) = tan^ (co CJV) tang JVT, 

whence tang JVT = cos CJVP tang CJV, 

.nd by logarithms, 

cos CJVP • . • . 14^ 08' 56" .... 9,98662 
tang CJV . . . . 44° 11' 50" .... 9,98783 

tangJVy .... 43° 18' 55" ... . 9,97445 
Adding JVT to JVn we shall have nP = 66» 46' 52", and by 
considering J^P and n P as middle parts, the third of Napier^s 
rules gives the following proportion : 

As sin- JVT 43° 18' 55" . . 9,83633 

0,16367 
is to tang (co CJVT) = cot CJ>rP . 14° 08' 56\ . 10,59845 
so is sin n P 66® 46' 52*^ . . 9,96.^32 

to tang(coCwJV) = cotCnJV...10°d9'26". . 10,72544 
Lastly, by the fourth of Napier's rules, co JW, co n c, being 
middle parts, we obtain the proportion. 

As cos JVT 43° 18' 55"... 9,86189 

0,138(1 
is t^ sin (ro JVC) = cos JW . . 44** 11' 50" • . . 9,85549 
so is cos n P . . . . . . 66"" 46' 52" . . . 9,5^577 



mt 



to sin (co ti C) = cos n C . . 67"^ 08' 24" . . . 9,58937 

We have thus a confirmation of our former results. It is 
evident, that if the star or other body in question, had been on 
the othcfr side of T, and less than 90^ from it, the arc T F would 
show how much the star's longitude waVited of 360°. It would be 
necessary, therefore, to subtract this arc from an entire circum- 
ference, to obtain the distance from SP, reckoned in the order of 
the signs. So also if the star were situated more than 90° from 
T, we should consider the figure as representing the opposite 
portion of the heavens, having =& instead of SP in its centre. In 
this case the solution would give the distance from the first of s&, 
and it would be necessary to add this distance to 180°, or to 
subtract it from this quantity, as the case might require, in 
order to obtain the proper expression for the longitude. 

It may be observed, moreover, that if E^ be considered as 
representing the ecliptic> and yj^ the equator^ the above pro- 
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cess would give the declination and right ascension^ when the 
latitucle and longitude are known. The two problems may be 
regarded, therefore, as leading to the same kind of solution. 

107. 1. Required the latitude and longitude of ^SpiraVirgi- 
nis, its right ascension being 198^ 34' 32", its declination 10* 
04' 31" S. and the obliquity of the ecliptic 23'' £8'. 

Jins. Lat. S^ 02' 23" S. 

Long. 6* 20*» 57' 10". 

2. The latitude of the moon being 4^ 00' 34" N., her longi- 
tude 7' 14*^ 26' 21", and the obliquity of the ecliptic 23^ 27' 48", 
it is required to find her light ascension and derlinalion. 

Ms. Right ascen. 7» 13° IT 11", 
^ Declination 12° 21' 14''. 

3. Required the right ascension in time of the planet Mer- 
cury on the 22d of December 1804, its geocentric latitude being 

2'' 12^ S«, and its geocentric longitude ,9' 14° 36'. 

Jins. 19^ 41' . 

108. Given the right ascension and declination of two stars, 
or their latitude and longitude, to find their distance asunder. 
Let the two stars, for example, be Sirius and Procyon. We 
take from a catalogue of the stars the given quantities ; namely. 

Bight ascen. of Siriu*. (Jan. 1, 1820), 99«» 18' 12" dec. W 28' 31" S. 
*• «' Procyon 112<> 28' 04" dec. 5<» 4(/ 48" N. 

Diff. of right ascension . .... 13^ 09' 52" 

We now take the meridian of one of the given stars, Pro- 
Fig. 58,cyon for instance, as the primitive (Jij^. 58), Jbl^ being the equa- 
tor, and <8, JV, its poles. We draw tlie ob!ique circle 8S'J>r, 
making the angle S'SP equal to 13° 09' 52", the diflerence of 
rigtit ascension of the two stars ; aiitl we set off upon 88'M* the 
arc 88' equal to 73° 31' 29" the distance of Sirius from the south 
SPJV pole, and upon ififPJV, we set off 8P equal to 90<>-^+ 5° 40' 
48" the distance of Procyon from the same pole. 

In the oblique-angled triangle 8S'Ff we have Sfff £fP, ana 
the contained angle iS"^P, to find the side ffP. We proceed 
according to the formula above referred to (105). 

/SP= 95° 40' 48" 
i8fSf= 73^ 31' 29" 



SP + SS'^s 169° 12' 17" 
SP-^Sa'zs 22° OS' 19" 
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\ (SP + Sa^ = 84« 36' 08", . cos...8,9rS45 sin ... 9,9980r 

1 •0^655 0,00193 

k (8P — Sff) fiz ir 04' 39''...C08... 9,99 183 sin . . . 9,28361 

I PSS^ = 6^ 34' 56"...cot... 10,93783 cot . . . 10,93788 

\ {8S'r+8PS') = 89^ 21' 59^..taii...ll,95621 58** or 30"..tan.a 0,22337 
\ {SS'P—SPl^ = 59° 07' 30" 

SiSfP=:148° 29' 29" 
Whence 
As sin^^'P. . . . 148° 29^ 29" . . ,9,71819 

0,28181 
is to sin ififP • . . • 95* 40' 48" ... 9,99786 
80 is sin PSff . , . 13° 09' 52" . . . 9,35745 



^ 



to sin iS'P 25*^ 41' 53" . , .. 9,63712 

The distance, therefore, of Sirius and Procyon is 25^ 41' 53''. 

109. 1. The same figure will serve also for the case where 
the latitudes and longitudes of the stars ai*e given, to find their 
listance. The mean longitude of Sirius for 1820, as put down 
in the tables, is 3» 11° 38' OO'i and its latitude 39** 32' 01" S.; 
and the mean longitude of Procyon 3* 23° 19' 33", and its lati- 
tude 15^ 57' 36" S. Their distance asunder is required. 

Jns. £5° '41' 21". 

2. Required the distance between Lyra and Arcturus, the 

leclination of the former being 20^ 07' 28".N. and its right 

ascension 211'' 51' 45"; and the declination of the latter 38« 37' 

19'' N. and its right ascension 277® 32' 31". 

Jins. 52P 52' 38^ 

110, The places of two stars being given and their distances 
Tom,a third star or comet, to find the place of the tliii*d object 
Suppose the distance of a comet C (Jig. 60), as measured by a Fig. 60. 
jextant, to be 65'» 47' 42" from Sirius, and 51^06' from Procyon, 

it is proposed to find the latitude and longitude of the comet. 
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t It will be observed that figure 58 is adapted to the two prob- 
lems only in the way of illustrating the process by which they are 
iolved. Two figures would be necessary if any thing depended on 
the coDstfUction. 
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With the latitude and longitude of Siriiis and Procyon* taken 
from the tables as before (109)9 we find their distance 8P = 25^ 
41' 21" in the manner jast explained. 

Having the three sides of the triangle SPCf'we proceed to 
calculate the angle C8Pf thus, 
CS=65°47'42" 
CP = 5l*»06'00" 
i8fP = 25*»4l'2l* 



Sum • . 14:°35'03" 



Half sum . 71° 17' 31" 



Ist remainder 5° ^9 49" . • log. sin • • • 8,98133 
£d remainder 459 36' 10" . , log. sin ... 9,85401 
CS . . . 6^"" 47' 42" • . ar. comp. log. sin 0,03996 
iSP • . • 25^ 41' 21'^ . • ar. comp. log. sin 0,36302 

19.23832 



24*^ 35' 12" 9,61916 

2 



C8P = 49° 10' 24" 

The next step is t» find the angle n 8P. This is done by 
means of the triangle 8P n, in which we have n P = 15*^ 57' 36" 
+ 90° = 105' 57' 36'', «P = 25^ 4i' 21", and 8nP=i difference 
of longitude of 8 and P == 1 P 41' 3S" ; whence 

As sin SP . . . . 25*» 4 1' 21" . . . 9,63698 



0,36302 
is to siniSTnP . . , 11«41'S3" • . . 9,30677 
so is sin n P . . . . 105'' 57' 36" . . . 9,98293 



to Sinn ^P . . . . 26M2' 39" . . • 9,65272 

If now we take the angle n 8P from the angle C8P9 we shall 
have the angle C8nsi 22'' 27' 45" in the triangle iSfCn, by means 
of which and the two containing sides n ^6^, C8, the side n C, or 
co-latitude of C, and the angle C n iS^, or difference of longitude 
of C and Sf are immediately determined. Thus, if we suppose 
a perpendicular CP' let fall from C upon n 89 we shall have, by 
the first Napiet^'s rules, taking co C8P' as the middle part^ 



\ 
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Bin (CO C8P) = tang (co GS) tang SP. 

Whence tang 8P' = cos C8P tang CB9 

and by logarithms, 

cos C8F . . 22<»2r'45" . . . 9,96573 
tang C8 . • 65^47'4£" • . • 10,34725 



^mm 



tang 8F . . 64^03^37" . . • 10,31298 
8n =z 129° 32' 01" 
SP'= 64° 03' 37" 



111^= 65° 28' 24" 
In the triangles CPn, CP89 by considering co C8, and co Cfi, 
as middle parts, we shall have, by the fourth of Napier's ruleSf 
the following proportion. 

As cos 8P' 64** 03' 37*" . . 9,64090 



0,35910 
is to 8in(coC«8) = cosCfif. • 65°4r4£'' . . 9,61279 
so is cos nF 65^* 28' 24" . . 9,61817 



to sin (co n C) =s cos n C . • 67<' 02' 45" • . 9,59006 
and 90° — 67° 02^ 45" = 22° 57' 15" = latitude of C. 
Lastly, 
As sinnC. . . .67*02' 45" . • . . 9,96417 



0,03583 
is to sin C/8fii . . . 22° 27' 45". . . . 9,58215 
so is sin Cfir . . . 65° 47' 42" . . • . 9,96003 



to sin On iSf . . . 22° 14' 17" . . . . 9,57801 • 
Whence, if from the longitude o{S= . • 101^ 38' 00" 
we take the angle CnS =; . » 22° 14' 17" 

we shall have the longitude of C =s . . 79° 23' 43" 

By considering V} 25 as representing the equator instead of the 
ecliptic, we should obtain by the above process, the declination 
and right ascension of the object C^ the places of 8 and P, as 
referred to the equator, being known. 

111. The dfstanre of a new star was found to be 65° 47' 42'' 
froni Capella, and 25^ 42' 10" from Procyon, the latitude of the 
former at the time of the observation being 22° 51' 57** N., and its 
longitude 78° 57' 57", and the latitude of the latter 15° 58' 14" S., 
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and its longitude 11£^ 55' 42"; the latitude and longitude of th« 

new star is required. 

Ms. Latitude 39*34^00'% 

/ Longitude 101° 13' 03^. 

112. Given the sun's declination 23* 28' N., semidiameter 
15' 47'% refraction 33', and parallax 9^9 the latitude of the place 
being 51° 32' N.^ to find the time from noon when the sun's cen- 
tre apiiears in the horizon. 

The effect of parallax being opposite to that of refraction^ we 
subtract 9" from 33% which gives 32' 51" for the apparent eleva- 
tion of the sun above its true place when in the horizon. The 
upper lin^b of the sun, therefore^ at the time of its first appear- 
ance above the horizon is actually 32' 51" below it^ and the sun's 
centre at the same moment is 32' 51" + 15' 47", or 48' 38" below 
the horizon. Accordingly, when the sun's limb first presents 
Bi^. 60. itself at S (^Jig. 60), the sun's centre is at 0, and hQ equal to 
48' 38'% added to 90^ is equal to ZQ. Whence, in the triangle 
ZOJV'wehave 

Zo = 90^ 48' 38" = sun's zenith distance ' 

ZJ>r = 38<» :^8' 00" =2= co-latitude 
JV0 = 66o 32' 00" = sun's co-declination, 
to find the hour angle ZJV0, Thus prepared, the problem does 
not differ from others where the three sides are given to find 

an angle. 

Ans. S^ 19' 20\ 

Of Terrestrial Latitude. 

113. It will be observed that in the preceding calculations the 
latitude is a very important element. We have already men- 
tioned one way'of determining this {page 29, note)9 which may 
be illustrateii by the following example. Suppose the greatest 
and least altitude of the pole star, as observed at Cambridge^ to 
be^ when corrected for refraction, as below. 

Greatest altitude 44^ 08' 55" 

Least 40^ 37' 45" 



••■ 



Sum . • 84*» 4&' 40" 

Half sum or latitude = . . . 42*» 23' 20" 
With either df these altitudes and the co-declination of the 
pole star^ taken from the tables^ and reduced to the given time. 



^ 
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we readily obtain the latitudef ; thus, 

Greatest altitude of the pole star • • • • 44^ 08' 55^" 
Co-declination (Jan« 1, 1 8S0) 1^45' 35" 

Latitude . . • . . . 42° 23' 20'' 

This method is not confined to the pole star. It might obvi- 
ously be applied to any other star in the neighbourhood of the 
pole. Similar means may be used also with reference to stars 
or other bodies in other parts of the heavens, ZE (^Jig. 51) Fig. 51 
being the latitude of a place whose zenith is represented by the ' 
point Z9 if we observe the greatest or meridian altitude HEf of 
any heavenly body situated in the equator, and subtract this 
from 90°, we shall have ZE9 the latitude|f. Moreover, when the 
heavenly body, instead of being in the equator, is between the 
equator and the horizon, by adding this declination, taken from 
the tables, we still have the altitude of the equator, and conse- 
quently the zenith distance or latitude. In case the body in 
question is between the equator and zenith the declination is 
manifestly to be subtracted from the altitude in order to arrive 
at the same result. To deduce the latitude from an observation 
of the sun, the following are the steps to be taken. 

Obs. alt. of sun^s upper limb, Oct. 11, 1820, 40^ 39' 05" 
Sun's semidiametcr — 16' 05'' 
Befraction — 1' 17" 
Parallax + 6'' 



•■»i 



Correction . • . . • — . 17' 16"' 



i*Ml 



True alt. of sun's centre . • . . . . . 40** 21' 47" 
Sun's declin. south . . . . . ' . . * . + 7^ 14' 45'< 

Altitude of the equator 47''36'3r 

Latitude 4 . . . 42*^ 23' 28''' 






t Where great accuracy is required, it is necessary to apply a cor- 
rection for aberration, nutationy and ineqtiality of the precession of 
the equinoxes. Also the mean refraction should be corrected for the 
state of the barometer and thermometer. 

ft When the son, mooo, or a planet is employed as above, for 
obtaining the latitude, beside the correction already mentioned, 
another is to be applied on account of parallax. 

Top. 10 
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114. It may be impossible on account of the weather or other 
causes to take a meridian observation« In this rase recourse is 
had to other methods* some of which ha\e been intimated (95^ 
97). It is very common at sea to malLe use f»f two altitudes of 
the sun and the intervening time. Let the two altitudes, for 
example, be 38° 19' and 5if 2f>\ and the intervening time l^ SO', 
the sun*s declination being 19^ 39^9 and the place being in north 
latitude. 
T\g,6\. Let JIf B (Jig. 61)» represent the two places of the sun, and 
we shall have Aj\B=:2i,° 30', and JV19, JSTB. each equal to TO"" 
Si', the sun being supposed not to change his declination during 
the interval between the observations. Whence, by supposing a 
perpendicular let fall from JV* to the middle of JiB (Gaom. 484) 
we shall have the proportion, 

As sin 90«00' . . 10,00000 • 

is to sinJJVorfiJV ... 70° 21' . . S97S94 
so is %iu I JIJ^B ll^'lS' . . 9,29024 

to sin ^J^ 10*35' 13" ... 9,26418 

2 

.dJ}=21o 10' 26" 
Again, 

Aa sin AB . . . . 21° 10' 26" .... 9^55775 

0,44225 
Is to sin JJ^TB ... 22° 30' 00" .... 9,58284 
so is sin •tfJV . . . 70° 21' 00^ . . . . 9,97394 

to 8in.ABJV* . . . 86°10'24"t. . . . 9.99903 

, - - - ; 

t The formula for the case where two sides and the iociuiied angie 
are given is applicable to the above quentioo, notwithstanding; the 
equality of the given sides, it will be seen that the factor sin ^ (6 — . r) 
{Trig. 61), becoming 0, destroys the expreission for {he difference of 
the opposite angles, while cos i (6 — • c) is equal to radius ; whence 
we obtain the angles B, C, as follows : 

^(^JV+ 5.Y) «70°21'00" . . cos . . . 9,52669 

0,47331 

l(Aj>r~Bj>r) = 0^ 0' 0" . . cos . . . 10,00000 

lAJVB =U<>15*00" . . cot . . .10,70134 

.«J?JVor A5JV =86« 10' 24" . . tang. . .11,17465 
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Now in the Mangle JIBZ we havf the side AZ = the comple- 
ment of the 1st altitude = 51° 41', jBZ = complement of the 2d 
altitude = 39° 35', and dB = 21° 10' 26", as found above. 
Whence^ by the usual formula, 

jJZ=51°41'00" 

BZ = 39* 35' 00" 

JI5 = 21** 10' 56" 



f ..tC'/ 



Sum . . 112*^26' ^26 



Half sum . 56* 13' 13" 



Ist. remainder 16** 58' 13" .. Bhi • . . . 9,45683 
2d remainder 35° 02' 47' . . sin .... 9,75909 
BZ . . . *S9* 35' 00" • . ar. comp. sin . . 0,19572 
AB • . . 21° 10' 26" . . ar. comp. sin . . 0,44225 

19.85389 



tm 



57"" 41' 29' .. sin . . . . 9,92695 

2 



^BZ z= 1 1 5° 22' 58" 
ABJy=z 86*10' 24'' 



JV5Z= 29^ I9f 34'' 
Lastly, in the triangle BZJfvfe have the side J^B:s:tfiin*B 
co^cli nation = 70° Wf BZ =: sun's co-altitu4e = 39° 35', and 
the contained angle, to find ZJV*. 

By supposing a perpendicular JV*P, let fall upon BZ produced, 
the first of Napier's rules gives 

sin (co JVarZ) = tang (co JVB) tang BF ; 
whence tang BV = cos ^^BZ tamg JV!B, 

and by logarithms, 

cos J^BZ .... 29"^ 12' 34" . . . • 9.94094 



tang JV5 

tang BP 
BZ 



ZP\ . 



70*» 21' 00" .... 10,44725 



67o45'05" .... 10,38819 
39° 35' 00" ' 



. = 28° 10' 05" 



t By using a perpendicular let fall from Z upon JWB, the process 
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AccordingTj, if we consider ro JW» co JfZf as middle parts^ 
we shall have, by the fourth of Napier's rules. 

As cos BP 67^ 45' 05" . . 9,57821 



0,42179 
IS to sin (CO }fB) = cos NB . • 70© 21' 00" . . 9,52669 

so is cos ZP 28«> 10' 05" . . 9,94526 



to sin (co JfZ) = cos NZ . . 38** 28' 03" . . 9,89374 

90** 00' 00" 



Latitude = 51° 31' 57" 



would be near! J the »aine ; and one of these methods maj be em- 
ployed to verify the result obtained by the other. 

In questions like the above, the solution by Napier's rules is 
shorter than that by the formula {Trig. 61.), as will be seen by the 
following application of the formula to the case just solved. 

JVBss 7(f-^i^ 
BZ^ 39'' 35' 



109^ 56' 



i (JVJ? + BZ!) « 54° 58' . . . . . cos . . . 9,75895...sin . . .9,91319 

0,24105 0,08681 

1 (JVB — BZ) = 15° 23' cos . . . 9,984 1 5.. .sin 9,42370 

I- {J^BZ) « 14° 36' 17"...,cot 10,58408... cot... 10,58408 

^ {BZJ>r+ BJSrZ) = 81° 10' 5S".-..tang,.,l0,b0928...tang..l0,09459 
^ (BZJS — BJ^Z)^ 51° 11' 27" 

BZJ>r=^ 1320 22' 30" 
As sin jBZJV. . . . 132<»22'fi0'' . . . 9,86852 



0,13148 
is to sin JVB -. . . . 70O 21' 00" . . . 9,97394 

so is sin JVTfZ • . . . 29* 12' 34" . . . 9,68842 



to sin JVZ 38° S8' 03" . . . 9,79384 

This manner of solving the problem may be preferable, wben the 
time is to be calciTlated by the same observations of the sun's alti- 
tude, for it will be seen tliat J7JV!Z, the hour angle from noon, is 
immediately deduced from the above operation, since it is equal to 
4 {BZJ^ + BJ>rz) — J(B2yV-, BJ)rZ)y or 39° 59' 26" j that ia, 
1^ 59' 58^ 



115. In the foregoing calcuhition we have supposed the two 
altitudes of the sun to be taken at the same place ; but as this 
seldom happens at sea, a correction should be applied to the first 
altitude for the ship's change ol situation. 

Let CE {fig*^3i)j represent the line described by the ship^'^'**' 
during the interval between the observations, and P the ze- 
nith of the place at the 2d observation. It is evident that ED 
will be the correction in question, which is to be added to the 
1st altitude, if the track of the ship make an acute angle with 
the bearing of the sun, and to be subtracted ^hen the angle of 
direction with respect to the sun is obtuse. 1 he amount of this 
correction D£, is readily found by means of the angle CED and 
the distance C£, as already eJEplained (66), 

1X6. 1. Given the following altitudes of the sun corrected for 
refraction &r., namely, 18^ 30' and 44^ with the intermediate 
time 3^, the sun's declination being 20"" N, and the place of ob- 
servation being in north latitude, to find the latitude. 

Jins. 54*'01'N. 

2. When the sun's declination was 22*^ W N. his correct altitude 
at lO'^ 54' A. M. was 5S* 29*, and at 1^ 17' P. M. it was 52® 48'; 
required the latitude of the place, it being supposed to be north. 

JiW. 57^ 08' 24" N. 

Of Terrestrial Longitude* 

lir. We have spoken of the difference of longitude of places 
as deduced from certain data by the principles of plane trigono- 
metry (6T &c). There are other and more correct methods 
furnished us by astronomy, which remain to be mentioned. 

The apparent diurnal motion of the sun round the earth being 

completed in twenty-four hours, this portion of time is the 

measure of 360° of longitude, and one hour is the measure of 

360^ 

, or 15o of longitude. Now, as time is counted, or the 

hours, minutes, &c«, begin *tb be reckoned, in different places 
from the instant of the sun's passage oyer their respective 
meridians, the difference of time in any two plac^ is the meas- 
ure of their difference of longitude, and may be converted into 
degrees, minutes, &c., b/ considering one hour as equivalent to 
15% and using the same proportion for a less quantity. A signal^ 



/ 
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Aerefore, made from the top of a moantaiiiy or frwrn a bsdloon, 
and observed at diflferenl places by correct time-keepers* ^nroald 
famish tlie means of directly estimalittg their difference of ion- 
gitudef. 

Celestial phenometia» as eclipses, occullatioiis, &c«» are better 
adapted to this pur|MMe» because they can be seen over a greater 
portion of the earth's surface. S<Mne of these, as eclipBes of the 
moim, aiid th<»se of Jupiter's satelliteSf being an actual obsrora- 
tion of the body in question^ take place at the same point ofab- 
Mittfe time, and only re(|oire to be accurately observed at t«« 
different places, in onler to obtain their differeace of longitude; 
But with respect to the former, besides their infreqoency, tb€ 
commencement and termination of the phenomeaon ciuinot be 

Srerisely noted, on account of the indefiniteness of the earth's 
ladow. This uncertainty amounts ordinarily to about two 
minutes, which ' corresponds to SO minutes difference of loagi- 
tude. Eclipses of Jupiter's satellites happen very often, and they 
admit of great precision as to the time of their occurring ; but they 
cannot be observed without the aid of a telescope, and are there- 
fore of little use to the mariner, on account of the difficulty of 
using this instrument on board of a ship. 

Eclipses of the sun and occultations of stars by the moon, 
can be observed at sea and accurately noted* But it is to he 
remarked, that they do not take place at the same point of 
abs )lute time, in the different parts of the earth's surface where 
they are observed. Allowance, however, may be made for this 



t It will be perceived, that chronometers would afford the readiest 
means of ascertaining the difference of longitude of places, if their 
rate of going could be full)? depended upon. Having, for instance, 
at sea, a watch that accurately shows the time at Greenwich, we 
have only to find by observation the time for the meridian itf which 
we are situated (102), (that is, how much the watch is too fast or too 
slow), in order to show the longitude of the place we are in, which 
will be east or west, acconling as the' time thus found, is later or 
earlier than that at Greenwich. Chronometers are indeed much 
used ; hut, beside the small errors in their rate of going, to which 
the best are subject, especially in long voyages, they are liable to ac- 
cidents which cannot be foreseeen, or even known to exist, except bj 
a recourse to other methods of finding the longitude. 
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lifference, and wimi this is done^ they i^ord the most accurate 
means of flflcertaining the relative longitude of places. 

Fur the pur^ses of navigation, these phenomena are lia- 
lile to the objection of rare occurrence. To supply this defect 
sin ingenious method has been devised, by which any given dis-' 
lance of the moon from the sun, or from a star, is substituted 
for an actual contact, and made use of in the same way. In 
Drder, therefore, to apply this method, it is necessary to correct 
the apparent distance, as actually observed at any particular 
place, for the effect of parallax and refraction, and thus to re* 
duce it to what it would be, if it were seen from the centre of 
the earth. Beside the apparent distance and time, the necessa- 
ry observations are the apparent altitudes of the two bodies in 
question. With these data, the true distance is fou&d in the fol« 
lowing manner. 

118. Let Z.tf (J!;. 62) be the apparent co*altttade or zenith Fig* ^ 
distance of the moon, and Zm her true zenith distance. Mm be- 
ing the difference between the moon's refraction and her paral- 
lax in altitude. In like manner, let Z8 be the apparent zenith 
distance of the sun or a star, and Zs Its true zenith distance, 
iS s being the difference between the sun's refraction and paral- 
lax, or the refraction simply in the case of astarf. 

There are two cases which present themsehres in (he solution 
of this problem ; 1, with the three sidta^LSf, ZM^ 8M9 known 
by observation, to find the angle Z, common' to< the two triangles 
SZM^sZm; S, with the two corrected zenith distances Z«, . 
Zm9 and the contained angle Z, to find the true distance sm. 
The requisite observsitions being as below ; we proceed accord- 
ing to rulea already illustrated. 

t Since the observed altitude of any celestial olyec( is aflTected by 
refractioip and parallax, !iivhich alwa^rs take place io a vertical direc- 
tion, it is obvious that the observed distance between anj two heaven- 
ly bodies will be effected by the same causes. In the case of the 
moon, the effect of parallax always exceeding that of irefractien, her 
true, place; ia above her apparent placet the reverse of v^hich happen 
with regard to the sun or a star, tl)e pacallax of the former never 
amounting to more thaa a few seconds^ and that of the latter being 
altogether insensible. 
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1. Given app. alt. of sun op star 8 = 24° 48' 00" 
« « moon M =12* SO' 00" 

app. dist. 8M = 51* 28' 35" 

whence, by taking the complements of the altitudesi we have 
ZS = 65° 12' 00'' 
ZM— 77^ SO' 00" 
iSytf =51°28' 35" 



Sum 
Half sum 



194^ 10' 35" 

97** 05' 17" 
77° 30' 00" 



log. sin • • • 9)52538 

log. sin ... 9,722'' 9 

ar. comp. log. sin 0,01040 

ZSt 65° 12' 00" . ar. comp. log. sin 0,0420£ 

1^,30059 



1st diBTerence 19^ 35' 17" 

2d difference Sl*»53'i7" 

ZM 77* 30' 00" 



26 °33' 01" . . log. sin • . - 9,65029 
2 



Z *= 53® 06' 02" 

8. In the triangle Zsm we have, ZH 
Befraction + %' 0%^ 
Parallax — 0" 
Correction 



66« 12' 00" 



» • 



2' 02" 



Z% 
ZM 



= 65° 14' 02^' 
= 7V 30^ 00'' 



Parallax —55^14" 
Refraction + 4'32'' 
Correction 



— 50^42" 



Zm 



= 76° 39' 18" 



The two sides Zs, Zm^ and the contjtined angle Z, being 
known, by supposing a perpendicular s P, let fall from % upon 
Z m, the first of Napier's rules gives 

sin (CO Z) = tang (co Zi) tang ZV^ 
whence tang ZV = cos Z tang Z%y 



cos Z . • 53^06' 0£'' . . . 9,77845 

tang Z8 . . 6SP 14' 02" . . . 10,33597 

tmgZP . . 52° 27' 42" . • .1041442 

ZM. . 76*39' 18" 



mF . «= 24° 11' 36" 
And, by the fourth of Napier's rules, co ZSf co $m, be*- 
ing considered as middle parts, we have the proportion, 

as cos ZP . . 52^ 27' 42" . . 9,78483 

0,21517 
is to sin (coZs) = cols Zs . , 65"" 14' 02" • • 9,62213 
80 is cos mP . . 24° 11' 36" . . 9,96007 



to sin (co sm) = cos ^m • • . 51° 09' 36" . . 9,797S7t 
If now we suppose that obsery/itlons, similar to those above 
used, are made under another meridian at the same absolute 
time, and reduced in the same manner, they would evidently 
give the same true distance of the moon from the sun or a star. 
The difference of time, therefore, at the two places of observa- 
tion, as ascertained by well regulated time-keepers, or by calcu- 
lations founded upon these same observations, would show their 
difference of longitude ; since they would have reference to one 
common simultaneous occurrence in the beavensff, just as much 
to be depended upon, and as valuable, as an eclipse of the moon or 
of one of Jupiter's satellites. 

Instead of actual observations at the two given places, it will 
be seen, that if the true distance and time at one of the places 
were known by correct tables of the moon's motions, the conclu- 
sion would be the same. Hence, by means of a table of the 

t There are many ways of abridging the process for obtaining the 
true from the apparent distance of the moun from the sun or a star. 
The object of the above is merely to illustrate tiie essential parts of 
the operation to the theoretical student. 

ft As the moon completes a revolution of 360° in about 30 days, it 
moves at the rate of 12° in 24 hours, that is, 30^ or its own diameter 
in an hour. Its change of place, therefore, with respect to the sun, 
and more especially with respect to stars near its path« will be at a 
mean about 30" in a minute of time, a quantity easily distinguished 
by a good sextant. 

Top. 11 
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true distances of the moon from the sun sind certain stars^f calcw' 
laied at sufficiently short intervals, togetlier with the correspond- 
ing times for any one particular meridian, as that of Greenwich, 
for instance, the relative longitude of tiny other place is readilj 
determined. 

119. Let us now suppose, that the foregoing observations were 
made at a place whose lotigitude is not known, and that the time 
of the observations was 10^ 11' 14'' in the evening, apparent tinoe; 
and that the distances of the moon from the same star, approach- 
ing the nearest to the above result, as put down in the Nautical 
Almanac, with the corresponding times, are 51° 49*57" at S"*, 
and 50° 2l' \7" at 6^ . Taking the diflFerenceof these distances, 
and the difference between the latter and that iu the example, 
we have the proportion 

1° 28' 40" : S"* : : 11' 41" : o'' 23'43'' 
Subtracting 0^* 23' 43" fi-qjn S^, we have 5"» 36' 17" for the 
time at Greenwich, when the distance of the moon from tiiestar 
was 51° 09' 36", or the time at Greenwich, at the moment when 
the observation was made, which, as before stated, was 10^ 1 1' 
14'^ The difference of these times 4^^ 34' 57", or, which is the 
same thing, 68° 30' 14", is therefore the difference of longitude; 
and we say, moreover, that it is eastf because the time at the 
place of observation is later than that at Greenwich ; had it 
been earlier than Greenwich time, the longitude would have 
been west. 
1. Given app. alt. of the sun's centre . . 84° 07' 00" 
app. alt. of the moon's centre . . 6® 17' 00" 
app. dist. of sun and moon's centres 90° 21' IS" 
true alt. of sun's centre . . ,840 06' 55*' 
true alt. of moon's centre . . ; 6«> 09' 04'' 
to find the true distance of the sun and moon's centres. 

Ms. 89** ay 13" 

t The stars, made use of in the Nautical Almanac for this pur- 
pose are » .^rietis^ Mdebararij et Pegasi, Polliuv, Regulus, Spica 
Virginis, jintares^ Fomalhaut, and a. .SquiltB, The distances are 
given for every three hours of apparent time at Greenwich. The 
time corresponding to any intermediate distance can be found by a 
sinaple proportion, since the moon's motion may, without sensible er- 
ror, be considered as uniform for this space of time. 
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S. Givmapp*distofUiesuii and 

* moon's nearest limbs 
f^p. alt of the moon's lower limb 
app* alt of the sun's lower limb 
moon's correct semidiameter • 
sun's « •< • . 

moon's parallax in alt 

*' refraction . 
son's parallax • • • 
«• refraction 

• It is required t6 make the reductions and find the trae distance 
of the sun and moon's centres. Ans. dS'' 28' 22^* 

Let it be sopposed that the time of the above observations was 
0^ 2S' 32", or Q3' S2' past noon» and that the nearest distances 
put down in the Nautical Almanac for the same day^ with tlie 
corresponding tiroes, are 37** 50' 28" at 3*^ , and 39** 34' 24" at 6^. 
The longitude of the place of observation is required. 

Jim. Sf" 42' 06" or 55"" 30* Ol*' west 
3. Given app. alt. of moon's centre . 24® 29* 44* 

true alt <* «' . 

app. alt. of star's centre • 
true alt « « 
app. dist. of moon and star 
time at place of observation 
times at Greenwich with the nearest corresponding distances as 
follows^ namely^ 

at 9>» . • . dist . . 62° 49^15'' 
at n^ • . . dist . . 64° 19' 56*^ 
required the longitude of the place. 

Ans. 11° 09' SO" E. 



25° irus" 

45® 09' 12" 
45^ 08' 15^ 
63° 35' IS*' 
lO** 15' 00** 



MiceUaneous questions to be solved by the rules of Spherical * 

Trigonometry. 

120. 1. Given the place of a comet at its first appearance, 
namely, declination 29" 33' 12" N., right ascension 145® 40' S3", 
and also at its last appearance, namely, declination 16® 29^ 08" 
Nm right ascension 314° 42' 43" ; to find the length of the path 
described by it while visible, it being supposed to ni6ve in the 
arc of a great circle* 

' Ms. 132"^ 44' 22". 
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2. In north latitude at ll^** 10' and at 1£^ 40' per watch^ the 
altitude of the sun's lower limb was the same, which being cor- 
rected was 26° 55', and his declination was S"" \7' S.^ required 
the latitude of the place* 

Ans. 57^ 09' N. 
S. In north latitude when the sun's declination was 13^ 45' N.f 
his altitude at 8^- 39' 33" A. M. was 36° 53'. Required the lati- 
tude of the place {Jig. 61). 

Ms. 46° 42'. 

4. Given the right ascension of Sirius or the dag star 99^ 18' 
12", and declination 16^ 28' 21^ S., to find the point of the 
ecliptic which rises at the same time with the star, in latitude 
42"" 23' 28'' N., and thence the time of the year when the star 
rises cosmically, or with the sunf • 

5. The diminution of the obliquity of the ecliptic dnce the 
time of Eratosthenes having aftounted to 23' 28", it is proposed 
to find how much the longest day is diminished and the shortest 
increased on this account in latitude 42"^ 23' 28^'. 

Ans. 3' 44". 

6. It is required to find how much the afternoon is increased 
or diminished at the equinoxes, 21st of March and 23d of Sep- 
tember, in latitude 42° 23' 28", on account of the sun's change 
of declination, the amount of this change in 24^* according to 
the Nautical Almanac being 23' 24". 

Am. 39". 

r. Given the latitude of the Lizard 49^ 57' N», and its longi- 
tude from Greenwich 5° 15' W«, and the latitude of the island 
St. Mary 36"" 57' IN. and its longitude 25"" 09' W. ^ to find the dis- 
tance and bearing of the former place from the latter, on the 
supposition that the earth is a perfect sphere. 

Jins. Distance 19° 19' 21'' = 1159,3 nautical miles, 

bearing S. 41° 26' 45" Wfj. 

t An artificial globe will be found of great use in forming the 
triangles employed in the solution of the above question^. 

tt The results of this method will be found to differ somewhat 
from those obtained by the application of plane trigonometry to Mer- 
cator's chart {77)^ on account of the arc of a great circle difiering in 
its length and position from the loxodromic curve {note to page 41). 
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CHAPTER IV< 

Of Surveying and LevMmg* 

1£1. SuBVEYiNG consists in several distinct operations ; l^iu 
measuring certain lines and angles in the field to be surveyed ; 
Q, in representing these lines and angles upon paper ; S, in com- 
puting the areas or contents of the fields or .territories thus rep- 
resented. 

The necessary lines and angles are determin^ed in this case 
like other lines and angles, by means of proper instruments^ 
to ^birh we have had occasion already to referf. The meas- 
ures taken in a field are protracted or transferred to papier ; 
by the usual problems for the construction of figures (Gfeont. 
132, &c). In common surveying the portions of the earth sub- 
jected to measurement, being very small, compared with the 
whole surface, are considered as plane figures. Where the sur- 
vey extends to large tracts of country, comprehending several 
degrees of latitude and longitude, allowance is to be made for 
the curvature of the earth's surface ; and the representation 
should be g^ven according to the laws of projection (24 &c)« 
The plan in this c^se. becomes a map. 

Of the contents of fields hounded by straight lines. 

122. Let the field, whose content is required, be of the form of 
a parallelogram, the sides and anglesjf being known. In thiS' 
case the area is equal to the product of the length by the breadth^ 
or base by the altitude (Gfeom. 174). 

If the parallelogram be rectangular, as ABCD (Jig. 68), the p^^, 53^ 



t Beside the instniments employed in the determination of heights 
and distances, and In navigation, there are others adapted particu- 
larly to surveying, the description and use of which will be found in 
the notes. 

tt One of the angles being known, the whole are known, because 
the opposite angles are equal (Qeom. 84), and the adjacent ones are 
supplements of each other (Geom. 64). The sines of ail the angles 
therefore are equal to each other. 
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product of the length by the breadth is the product of any two 
contiguous sides. 

Tig. 64; If the parallelogram be oblique-angled, as ABCD {fig. 64), 
the breadth or perpendicular distance of either two opposite 
sides, as CP^ is equal to tfie product of the corresponding ob- 
, lique side CB by the sine of the angle of the parallelo.8;rain, 
radius being tinity {Trig. 30). Hence, the area of a parallelogram 
is equal to the product of any two contiguous sides multiplied by the 
sine of the contained angkj radius being unity. 

Given JlB = 59 chains 80 links, or 59,80ch., AC = 37,05 ch., 
and A == 90<», we have 59,8 x 37,05 x 1 = 2215,59 square chains 
= £!21 55900 square links. Now, since 10 square chains, or 

, 100000 square links, make an acre, if we divide the area in 

chains by 10,'or the area in links by 100000, and multiply there- 
mainder successively by 4 and by 40, dividing each time by the 
same number, we shall have the content in the usual denomi- 
nations employed in surveying ; thus, 

221,559 

4 



2,23§ 
40 

9,44 
Area = 221'««* 2«»^ 9,44p««*»^ 

Given AB = 59,80 ch. AC = 37,05 ch., the angle A » 72*^ 10', 
to find the area. 

We have AB x w$C = 2215,59, as before, whicb, niulti[died by 
0,95195, the natural sine of 72'' 10', radius being 1, gives 3109,13 
5= 210^ $'• 26»- 

Or performing the whole by logarithms, 
AB . . . 59,80 • • . log. . . . 1,77670 
AC ... . 37,05 • . • log. . . . 1,56879 
jj . . . 72** 10' . . . log. sin . . 9,97861 _ 

210,91 3,32410 

4 

3,64 
40 



25,60 



Area = 210^3 '• 25,6p- 
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1£S. 1. Given the length = 52^25 ch^ and the breadth = 38,24 
ch.» of a rectangular field, to find the area in acres^ roodSf 
and perches. 

Ms. IDS"- S'- SfSP- 

^ Given one side of a parallelogram = 15956 ch/, and its 
contiguous side =:: 11,46 ch*, the included angle being 47'' 30', to 
find the area* 

liB44 Since every parallelogram is divided by its diagonal into 
two similar and equal triangles (^Geom. 87)» any triangle what- 
ever may be considered as half of a parallelogram. We hence 
derive the following general rule for those cases where two 
sides and the included angle are known. The area of a triangle 
is equal to half the product of any two of its sides multiplied by the 
sine of the included angle, radius being unity. 

If the included angle be a right angle, the sine being equal 
to radius, or 1, the rule will give for the area half the product of 
the two^idesy or, which is the same thing, the product of one 
side by half the other. 

Moreover, since any triangle whatever is equal . to a right- 
angled triangle of the same base and altitude (Geonu 170)9 we 
0an make use of the following simple rule, where the known 
parts admit of it, as equivalent to the foregoing ; namely, the 
area of a triangle is equal to the product of the base by half its a//t- 
tude. 

^ Given AB {Jig. 65) = 12,38 ch., AC=i 6,78 cb., and the angle Fig. 69. 
A = 46^ 24' to find the area. 

12,38 . ^ ... log. ... . 1,09272 

6,78 . \ . • log. . . . . 0,83123 

40° 24'. . . log. sin ... 9,85984 

6,0,8986 1,78389 

4 



35944 
40 



14,37760 Area 5= 6»- 0'- 14»- 

125. 1* Given one side of a triangular field s 18,37 ch., and 
the perpeadtculajr distance from this side to the opposite angto 
= 13,44 ch«, to find the area. 

Ms. 12«- 1" U^ 
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2. In a triangular field one side being found by measurement 
to be 64 perches^ and another side 40^5 perches^ and the included 
angle 30^ ; required the area. 

^ns. 4«- 0^' 8P- 

3. Required the area of a triangular piece of ground, one side 
of which measures 19,74 ch., its bearing being N. 82** 30' W., 
and another side ir,34 ch., the bearing of this latter from the 
same station being S. S4^ 15' E. 

Jins. 14"- 9,^' 8P- 

126. When the given parts ar6 a side and the adjacent angles 
or two sides and an angle opposite to one of them, the side or 
angle required in order to apply one of the above rules, may be 
found by trigonometry {Trig. 34). 

127. It may sometimes happen, either from the want of instru- 
ments or the inconvenience of using them in particular situa- 
tions, that the angles of a triangle are neither of them known. 
In this case, the three sides being given, we can calculate one of 
the angles by the rules of trigonometry, or which is preferable, 
apply the formula 

A = s/s (s •^b)(s — c) (s ~ a) {Trig. 75), 
where a, b, c, are the three sides, s their half, and jf the ar^. 
Fig. 66. Given AB (fg. 66) = 49 ch., AC = 50,25 ch., BC = 25,69 cb., 
to find the area. 

49,00 
50,25 
25,69 

Sum . . • 124,94 



I 



Half sum . . 62,47 1,79567 

1st remainder 13,47 1,12937 

2d remainder 12,22 l/)870r 

3d remainder 36,78 1,56561 

5,57772, 

615,75 2,78886 

And 615,75 square chains is equal to 61*- 2>'* B^ 
The above fmrmula is one of the most usefid in practical ge- 
ometry, since it enables ns to effect the survey of any right-lined 
field Iff means of the chain only. 



128. t. Givfen the fliree sides a, b, Cf of a triangular field; 
lamely^ a = 10^64 ch.> h = 12,28 ^ and c = 9^ to find the area. 

Ms. 4*- £'• 26^ 

2. Given the four sides of a quadrilateral fields namely, AB 
= 17,22 ch., AC = 7,45 cb., CD = 14,10 ch., and BD = 
>,25 ch., together with the diagonal dD = 15,04 ch., to find the 
irea. 

Ans. 8** 3»-- 37,8P- 

129. Any field bounded by straight lines may be divided into 
:riangles, and the areas of these triangles being computed ac- 
::ording to one of the foregoing rules, their sum will be the area 

3f the whole field. Let ABCDE (Jig. 67) be a piece of ground. Fig. 67. 
the sides and angles of which have been measured. By tlie 
diagonals EB, EC, it is decomposed into the triangles ABEf 
BCEf CDEi which may be computed by one or the other of the 
rules already givenf. 

130. If the given field is bounded in part by a circular curve, 

as ABC {fig. 68), this may be separated from the rest of the Fig. 68. 
figure by the radii AOy CO, or by the chord AC. 

t The diagonals EB^ BC^ may be calculated by the rules of trigo- 
nometry, and then all the sides of the several triangles being known, 
their areas are found by article (127). A much shorter method is to 
take in the compasses the extent of these lines and that of the perpen- 
diculars AFf BQi DUf and apply them to the scale used in protract- 
ing the survey, which will give the base and altitude of each of the 
triangles 5 then EB xiAF+ ECx^^BG + DH) will be the 
area. It will be perceived, moreover, that instead of measuring the 
sides and angles of the field, these diagonals and perpendiculars will 
be sufficient for forming a plan of the field and determining its area. 

It may be remarked further, that any four-sided field, as EBCD, 
can be surveyed by measuring either diagonal j^C.^and the perpen- 
diculars let fall from the opposite angles i and the area of the field 
will be equal to the product of the diagonal by half the sum «f the 
perpendiculars. 

If any two sides of a field, or of the portions into which a field is 
decomposed, be parallel, as AB^ EC, the figure ABCE becomes a 
trapezoid, and its area is found by multiplying half the sum of the 
parallel sides AB, EC, by the perpendicular distance BG (GFeom. 
178). 

Top,. 12 
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Let AO or CO9 tor exainple» be Sfi»50 ch. and the atx^ JlBC, or 
^'hich is the same thing, the angle AOC equal 25^ Since the 
sectors of circles are as the number <^ degrees contained in the 
arc of the sector, as 960^ is to the area of the whole dYtleor 
{Z^fSoy X 391416, so is Sd^ to the area of the sector equal to 

^^^^^^360 ^'^^^^ ^ ^^° ^^^^' ^^^^' *"* by logarithms, 
S60 log. 2,55630 



* 



7,44370 

2?,50 • . . • 2 log. 2,70436 

3,1416 • • . • log 0,49714 

23 log. 1,36173 

Area of ABCO = 1,016 2,00693 

4. 



0,64 
40 

25,60 



Ms. 10«* O'- 25,6P- 

131. A segment of a circle being the difference between the 
corresponding sector and the triangle contained by the two radii 
and the chord of the given arc, having found the area of the 
sector ABCOf we obtain that of the segment jJfiCI) by subtract- 
ing from the former the area of the triangle AOC, 

132. Grounds are sometimes laid out in the form of an ellipse, 
the area of which is found by multiplying the product of the 
two axes, or greatest and least diameters by the decimal 0,7854f. 



t Since the ordinatea to the transverse axis of an ellipse are to the 
corresponding ordinatea of the circle in a constant ratio, that is, as 
the semiconjugate to the semitransverse (Trig. 114}» the sum of the 
ordinate* in the ellipse (or the area of the ellipse) is to the sum of 
the corresponding ordinates in the circumscribed circle (or the area 
of the circle) as the conjugate axis is to the transverse. 

Again, since the ordinates to the conjugate axis of an ellipse are 
to the corresponding ordinates of the circle as the transverse axis to 
the conjugate, the area of tlie ellipse is to that of the inscribed circle 
as the transverse axis is to the conjugate. The above proportions 
may be stated thusy 



This figure being a mean proportioDal between its circunascrib- 
Bd and inscribed circledy that is^ equal to a circle whose diame- 
Leif is a mean proportional between the axes ^f the ellipse, we 
(nay consider the prodaQt of the two axes of any ellipse is the 
square of tbie diameter of a circle of the same area. But the 
liameter of a circle being squared and multiplied byv 0,7854 
kcy (the area of a circle whose diameter is onef), the product 
will be the area» Hence the arm of an ellipse is found fry muUi^ 
ihfing th$ product of the two axes or greatest and least diameters 
^y 0,7854 &c. 

133. Sometimes the boundary of a field is irregularly curved, 

>r is made up of straight lines of small extent, as dBCD &c. Fig. 69 
Jig. 69). In this case it is usual, especially where great accu- 
'acy is not required, to assume a line, as J^ JIT, from which the 
)erpendicular distances or offsets JfJl, BB, OGf &c«, are measur- 
ed ; and in computing the contents the mean of all these distan- 
ces is taken as equivalent to the average breadth of the part 
comprehended between JIBCD &c. and ^ M', and the area is es- 
timated accordingly. 

134. The area of a field may be computed by means of the 
lifference of latitude and departure corresponding to the direc- 

ion and length of the several sides. Thus in the field dBCD (Jig. Pig. 70. 
''O) beginning at the westernmost point Jlj with the bearing of 
iB and its distance, we find the difierence of latitude Jib and 
leparture ft ^, as in navigation! • We proceed in like manner 

ellipse : circumscribed circle : : conjugate : transverse, 
ellipse : inscribed circle : : transverse : conjugate. 

If ve take the products of the corresponding terms, the two last 
erms of this new proportion become the same ; whence the two first 
erms are equal, that is, the square of the ellipse is equal to the pro- 
luct of the circumscribed and iascribedcireles^orin other words, the 
ellipse is a mean proportional between the two inches. 

t The diameter of a circle being 1, its circumference is 3,14159, &c. 
Geom. 294). But the area is found by multiplying the circumference 
ly half of the radius or one fourth of the diameter, {^Qeom. 289). 
iVhence \ of 3,14159 &c., or 0,7854 &c.,is the area of a circle whose 
liameteris 1. 

t Instead of calculating each of the latitudes and departures by 
he rules of trigonometry it is usual to take them from a table of 
atitudes and departure prepared for problems of this kind. 
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^it^ith cacli of the other sides, and thus obtain successively 6 4 
mCftiDovcd, Ciu^ d^ and D d. 

The area of the space JtB b is found by multiplying half the 
departure 6 i^ by the difference of latitude Jib. So also the area 
o^ bBCcxs found by multiplying half the sum of the departures 
hB^c C9 by the difference of latitude b c, and the area of ^dD,^ 
is equal to the product of half dDhy Jtd. 

But if these several areas be subtracted from the trapezoid 
eC Ddf or from ^ (cC + d D) x cd, we shall have for the re- 
mainder the area of ABCD. 

It will be seen that all the areas to be subtracted belong to 
those sides of the field, AB^ BC9 DA, whose bearing is northerly 
and whose differences of latitude are all in the same direction ; 
and that the trapezoid cC Dd belongs to the side of the field 
CD9 whose bearing or difference of latitude is southerly. 
Moreover, the departures, 0, 6 ^, cC, d D, 0, are obtained by 
adding successively the departure corresponding to each side of 
the field to the preceding, beginning and ending with 0, and re- 
garding the east departures as plus^ and the west departures as 
minus. 

The above reasoning is applicable to any rectilinear figure, 
whatever the number and position of the sides^ as will be evident 
from a slight inspection of figure 71. 

"When the bearing of one of the sides, as DE, is due east or 
west, the corresponding difference of latitude being 0, the area . 
of ^(dD + dE) X is nothing. Also when one of the sides is 
due north or south, as FG, the corresponding departure being 0, 
^(fP+g G) is equal to/F or g G. 

Sometimes in the case of a reentering angle like AIHf a por- 
tion of the figure Air is reckoned twice. But this is corrected 
by the snbtractive space h HIU which includes not only the exte- 
rior portion h HI AMit also the whole additive triangle Ali be- 
longing to the last side of the figure iJi. 

When the above method is adopted, it will be found convenient 
to arrange the several results as in the following table> adapted 
to figure 70. 
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BeariDgs. 

JiB N. 23® E. 
BC N. 83<>E. 
CX> S. 14° E. 


Dist 

17 

n 

23 

23,66 


N. 

15,66 
1,34 

5,3S 


22,32 


£. 

6.64 

10,92 

5,56 


23,05 


Dep. 

6,64 
17,56 
23,12 


Sumf 

6,64 
24,20 
40,68 
23,12 


North 

areas. 

103.92 

32^3 

123,23 


Souttil 
areaa.l 

907,98 


112,32122,32123.13123,0511 | ||259,58|907,y8|. 






2^9,58 




648,40 






y 












Half 


324,20 



Area ssSa*- F- 27,2^' 
It may be remarked that, when the several operations are per- 
formed with perfect accuracy, the sum of the northings will be 
equal that of the southings, and the sum of the eastings to that of 
the westings. This necessarily follo^vs from the circumstance of 
the surveyor's returning to the place from which he set out \ and 
it affords a means of judging of the correctness of the work. But 
it is not to be expected that the measurements and calculations in 
ordinary surveying will strictly bear this test. If there is only 
a small difference, as in the above example, between the north- 
ings and southings, or between the eastings and westii^, it 
may be imputed to slight imperfections in the measurements* 
If the difference is considerable, the work should be reviewed, 
and If no error can be discovered, the difference above mentioned 
ought to be apportioned among the differences of latitude and 
departure in such a manner as to produce the least possible 
change in the given numbers. This is done by the following 
proportions. As the sum of the boundary lines AB^ BC, &C.9 is 
to the error in latitude, so is the length of any paijticular boun- 
dary to the correction of its corresponding difference of latitude ; 
and as the sum of the same boundai7 lines is to the error in the de- 
departure, so is any particular boundary to the correction of the 
corresponding departure. The correction in each case is addi- 
tive or subtractive, according as it belongs to the column whose 
sum is the leasts or to that whose sum is the greatest ff; thus, in 
the above example. 



t Instead of multiplying half the sum of the departures at each 
step by the difference of latitude, it is more convenient in practice 
to employ the. entire sum of the departures, and then to take half 
the final result, as in the above example. 

tt The learner may find a demonstration of the above rule by 
Bowditch, and also By professor Adrain> in the Analyst, No. 4, edit- 
ed by the latter gentleman. 
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JtB + BC + &C. = r4^6 : 0,07 I'.tf : 0,O2 

: 11 : 0,01 
: 23 : 0,02 
: 25,66 : 0,0£ 

Tbe tbree first of tbe abeve corrections belon^n^ to the 
colttBiB whose sum is the greatest, they are to be subtracted 
from their respective departures. The fourth correction for the 
opposite reason is additive. Tiiey are applied below according 
to their signs. 

E. W. Correction. Cor. fi. Cor. W. 

6,64 •— ' 0,0£ 6,6S 

10,92 --- 0,01 10,91 

5,56 -- 0,02 5,54 

23,05 + 0,02 23,07 

Sum 23,or 2s,or 

The departures, thus corrected, become equal, and the cor- 
rected area is sa** r- IS,!"^. 

The above will serve as an illustration of the rule. In aiost 
cases both the latitudes and departures require correction. 

One advantage of the foregoing method of computing the con- 
tents of afield is, that it may be directly applied to the original 
minutes taken of the survey, without any plan being drawn, 
and without relying in any degree upon the accuracy of a con- 
structed figure. 

135. 1. Given tbe following bearings and distances of the 
ieveral sides of a field, namely, 

1. N. 58° E. 19cb. 

2. E. 6° S. 20 

3. S. W W, 20 
4* W. 20 

5. N. 42^ 35' W. 15,10 
to find the area. 

JIns. 54«* 3'- g4P^ 
2. Given the following bearings and distances^ namely^ 

1. N. 45°E. 40 ch. 

2. S. 30° W. 25 

3. * S. 5<'E. 36 

4. W. 29,60 

5. N.20°E. 31 

to find the corrected differences of latitude apd departure. 
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Ans, 



1. 

2. 
3. 
4. 
5. 


28,30 

0,02 
29,15 


S. 

21,63 
35,84 


£. 
28,30 

3,16 

10,62 


w. - 

12,49 
29,59 


57',47 


57',47' 


42^08 


42,08 



I}vmsumef Land. 

136. There is often occasnoa after surveying a piece of groand 
to divide it into portions or ioUf of certain given difBUisbiis or 
bearing a certain proportion to the whole. 

We have already given general methods adapted to questions 
of this kind {Geom. 255 &c* Trigm 80 &c»). But there are par- 
ticular problems occuring in surveying that admit of very sim* 
ple solutions* 

137. Si^ose, for example^ that the given fidd is of a trian- 
gular form, and that it is proposed to divide it into two parts 
that sfaaU be to each other as m tan* 

1. If the dividing line is to proceed from one of the angtes> as 
A (Jig* 72), we divide the opposite side CB into two parts, having Fig. 7Z 
the ratio to each other of m to n (Geam. 236), and draw the lin^ 
jdf e from the vertex of the an|^e «d to tlie point of division & 
Then since the triangles ACe,JleB have the same altitndet • 
they must he to each other as their bases, that is, as m to n. 

Whatever the number and ratio of the parts into which CB is 
divided, the partial triangles, found as above^ will be to each other 
fis these parts, 

Q, If the dividing line is required to be parallel to one of the 
sides of the field as JB (^fig. 73), the ^portion cut off bein^ simi-Fig. 73, 
lar to the whole, we shall have (fieam. 2)8), 



— % — 2 
CM: Ceefi: CAx Ce, 



af 



whence 



m+n: m ;: C*^ : Ce^ 



Ce =r 



—a 
CJim 

fn + n 



96 plication df Tyigonometty* 
And ^ 



m 



0^ 



'wi + n 

I nt 
therefore Ce is a mean proportional between Ct^ and ^ , * 

If the side Cw9 be 15ch., and the portion Cedfio be cut off^ be 
one half of the triangle C^B^ we shall have 

^ f— ^ = 15 vr = 15 X 0,707 = 10,605ch. 

Big. 74. If i* were proposed to divide the triangle ABC (Jig. 74) into 
three equal parts, by lines parallel to JiB, it is evidentlrom what 
is abovje shown that we should, have 

Cd=C^^pand Cd!z=zCJi^J. 

3. The conditions of the problem may require that the divid- 
JFig. 75. ing line or lines should proceed from a given point II (Jig. 7b) 
in one of the sides. 

If it were proposed, for instance, to divide the triangle into 
ihree equal parts. Having divided the side JiC according to this 
same proportion, through the points of division F, F, we draw 
tFf€ F' parallel to BD'} then joining ej)^ e' J9, we shall have 
AeDfeDtffif DQ, eqnial to each other, or in the ratio of the 
lines w9F, FF, FC. This will be rendered evident by suppos- 
ing lines 'drawn from Bio F and F', making three triangles of 
the same altitude and consequently having the same ratio to each 
other as their bases. But, since tF^tl F'^ are each parallel to 
BBi JieDis equal to JiBF, and Ce' D to CBF\ 

Knowing therefore AB and AD as well as AC, we have only 
to find a fourth proportional de, to the three given lines AD, 

art 

AB, — or AF (^Geom. 237). The point e' is found in the same 

manner. 

The above method is evidently applicable to a division of the 
given triangle into a greater number of parts, and such as bear 
a difbrent relation to each other. 
Fig. 76. 4* The problem may require that the dividing line EF(JiigJ6) 
should be perpendicular to one of the sides of the given trian- 
gle. In this case, the ratio of the parts being expressed by 
m : n, let AE = x, EF±zy^ AD=i a, AB = b, CDz=h; we have, 

ABC or ^^lAEP or %^ i: m+n : m. 



Bmikyjiig: iff 

whence 

2 '^ m + n 
Boty since by simiiar triangles, 

, h 01? 

SubstitutiiTg for f tMs Talne, we obffstfn- 

^— : — oro?* 



A 111 + « n + fi' 

Wtf fliid lbef«fbre thftl ot ot JfB is a ftieati pi^pbrRomA between 

* ^nd mTTi* ^^ i» = iH the triangle tflFJE being one half of 

^ ab 

thttt \if SX kii nniaii proportiMal between the base JS and Imlf 
of the segment JiD. AB may chance to be greater than «8I^9 ia 
which case we sifenU debigiMte eif by a?f aAd BD by a. 

188. The division to be performed may relate to a ield of foer , 
or more sides. In the ^ne of a parallelogram, if the dividing 
line, as BF (Jig. 77), be required to be iiarallel to one of the Fig. 77 
sides AB, the distance at which this line is to be drawn» 
may be found by dividing the area of the portion to be separated 
by JB. If the parallelogram bs oblique«angIed (Jig* 78)^ and Fig. 78. 
the conditions of the problem require that the dividing line JSP 
should be perpendicular to one of the sides, and meet at the 
same time the oppositef, since the figure to be cut off will be a 
trapezoid, dividing it by BF, supposed to be known, we have for 
the quoHetit the dlstanoe o(f BF tkm i the ttiiddle: ef JtD (Qifom. 
179). 

139. With respect to other qnadrilaterals and figures of more 
than four sides, if we suppose two sides JtCf BD {fig. 79)^ pro* Fig. 79. 
duced till they raeet^ they will form with the intercepted side CD, 
a tiiangle, which, fiB aU ttie ports of gi^en figii#e8'are sitppbsJBd 
to be Itnown, will be known also. This being added to the pa^t 
that is tor liv cut <dr, thiir prifbidni' reduces itiflf to one or the 
other of the cases id^ady considered; 



t If the dividing line db not nfe^t both the sides of the parftllelo- ^ 
gram, the portion to be cut off is a triattgle, and the case refet-s itself 
to art 1S7,4« 

T((p. 13 



98 J^ieaiion of IV^onomeffy. 

Leodling. 

140. Two or more points are said to be on a level when they 
are equally distant from the centre of the earthf 9 or from the 
surface of a tranquil fluids suj^sed to be situated immediately 
above or below them. A level surface^ therefore, is one that is 
every where perpendicular to a plumb-line, or the radius of the 
earth considered as a sphere^ This is called a true levd, while 
a straight line or plane that is perpendicular to the radius of the 
sphere or plumb-line only at one point, is denominated an ap- 

I'ig. SO.parent level. Thus AB (Jig. 80) represents an apparent lerel^ 
AD a true level, and BD the deviation of the one ik*om the other, 
or the difference of level of the poihts Jif B, referred to a tangent 

9LtJl. 

141. Knowing the tangent JiBf we readily find BD by the 
proportion, 

BE I AB .1 AB I BD {Qeam. £28), 
which gives 



BD^^^ ^^^ 



BH^2CD + Bjr 
But, as BD is.always small in comparison with £ CD^ the diam- 
eter of the earth, it may be neglected in the second member of 
the above equationff ; and, in most cases, for the same reason^ 
AD may be considered as equal to AB i whence 

BD^ -^ 
In like manner, for another distance AN^ we shall have 

BD'-^^ 
^^-^CD' 



t The small errors committed by supposing the earth a sphere in- 
stead of a spheroid, are safely neglected in the common operations 
of levelling. 

tt If it were necessary we might find the difference of level with- 
out neglecting BD. Thus from the above equation we ojbtain 

7d + 2 CD X BD ::=^AB, 

or, calling BD x, CD a, and jiB ^ 

«» -I- Sao? «B 6«, and :f « *- a + V6« -f a» (Alg. 109). 
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and 



BD : BIT : : 



JiD AW 



.* • 



2CJ0 ' UCD 

^^aj/mJM M— — aft 

that iSf tAe difference of leodfor diffmtnt di$tan€e$f is as the s^piare^ 
nf the dtstanetn . 

The distance «SJD being supposed, for examptef ss 1 statute mile 
or 5380 feet, and 2 CD, the diameter of the earth s 7912 miles^ 
or r9i£ X 5280 fed;, we have 

(5280)» 



1M> = 



and by logarithms, 

5£80 . 
7912 . 
5280 . 

0,6673 
12 



7912 X 52!80' 



• 2 log. 

• log. 
. log. 



• m^ 



• • 



7,44521 



• • 



• 3,89829 

• 3,72263 



7,62092 
— . 1,82434 



£jD = 8,0076 inches. 

Thus the dlflbrence between the apparent and true level, an- 
swering to a distance of one mile» is 8 inches. 

142* For any other distance^ as 2^ miles for Instance, instead 
of repeating the above process, we can use the proportion 

1« : (2,5)« =6^ :: Sin : 52int. 
143« The difference of level of two stations is sometimes com- 
puted by means of the zenith distance of each station as observ- 
ed from the other. Let A, B (Jig. 81), be two stations at which pj^^ 3^^ 
the zenith distances are observed ; namely, ZAB, VBA, formed 
* — • . 11 - 1 ,,.,,. . ■ 

t The difference of level for one mile being in feet -rr--- — ----- 

® 7912 X 5280 

or — -, that is, f v^ry nearly, and the difference of level for any 

other distance being as the square of the distance, we have the fol- 
lowing convenient r]ule for finding the difference of level, namely, 
take two thirds of the square of the distance in mUesfor the differ^ 
ence of hvel in feet nearly. Thus in the above example, | (2, 5)> or 
1 61 ss 4| feet or 52 inches. 



by the vertical Knes CZ, CV^ and the straight line JiB. If 
through the point Ji we draw |th.e chord AB'^ paralM to the ter- 
restrial chord a b, the pjojjits id, B', wiU be on a levels and ^R 
will be the heigiit of 4he point B above the point B'. The arc 
ABf being supposed to be known^ may on account ot its small- 
nesB be taken fop its chord ; tl|en» \j the coflMnon theoreai for 
plane triangles, we have j^ 

sin BAB : sin ABW : i%ff : ABf 
silence 

Diy >^B' X sin BAB 

^^ - ^x^ABBT • 
But BAB* =180^ — Z^B — BAG 

= 180* — ZAB — (90^ — \ C) 

and ^BB' =; 180*» — FB^. 

Now from the triangle ABC we have 

180^ = C+ (180^— ZAB) + (180*> — VBA)^ 

or 90^ = 1 C^. W — \ZAB + 90° — ^ FB^j 

whence ;, 

90*^ = 1 {ZAB + VBA) —^ C. 

Substitnting this value for 90° in the above esrpressions fpr 

BABf ABBf we obtain 

BAB^\{ZAB + VBJl)—^C'-^ZAB + \C 

^^(VBA—ZAB) 

jJjBtF = 90*+|(ZjJB+ VBA)—^C—VBA 

= 9(f+^(ZAB— VBA— 0). 

Putting these values for B^B', ABB^, in the expression for 

Bff, and designating the chord of the arc AB' by JT, iVe have 

^^ "^ 8in {90« + JCi^L^B— rB^Lc)) 
_ gain I ( FB»g ~ ZL/fB) 
■^ «os i ( FBJfl — ZidB + C)* 
144. This formnla is exact. But in many cases ^C may be 

•In 

neglected ; then, since — = tang, the expression become 

cos 

BB' = JSrtang » {VBA — ZAS). 

'When VBA exceeds ZAB^ Bff is positive, otherwise BB^ is 

negative, ZAB being the observed zenith distance at the place 

whose elevation A a above an assumed level, as that (tf the sea, 

is known, and VBA being the observed zenith distance at the 

place whose elevation is sought. 
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145, Vfkim mfy one of tbe zenith distances can bo taken^ 
sinee VBJi m BSQ + C^ U(P — ZAB + C^ if we substitute 
ibis value fi»* VBd in tbe formula 

Bff « f tang I {VBJi — Z^dB), 
we shall have 

BB^ = Jrtang 4 (180'' — ZAB + C ~ Z;«i»), 
srJPtang (9(y° — 2Mfl + iC) 

and Bff is positive . or negative according as ZAB is less or 
greiiter than ^QP. 

146. The above formulas siippose the distance JT to be given* 
The diflference of level may, however^ be determined without 
knowing this line. Indeed the formula 

BB' = K tang \ {VBA — ZAB} 
may be made to involve only the zenith distances and radius 
of the earth* For, since half tbe chord of any arc is equal 
to the product of radios by tbe sine of half this are (2Vi^. 30), 
we shall have 

BB's::2B sin ^ C tang | (^FBA ~ ZAB) 

zxz — 2 It cos :^ {ZAB + VBA) tang ^ (VBA ^ ZAB)i. 
The sign of BB', depends upon that of the factors of the second 
member of the equation. 

147., When there is a series of signals^ by proceeding in the 
manner above explained^ we determine only their relative hdghts. 
But it is easy to find the absolute heights, or elevations above the 
same horizon^ as that of the sea for example* Let us suppose 
that the points B, ff, ff', . • . . B\ the summits of the signals, 
are unequally elevated above a common horizon, and that h' 
represents the elevation of tbe point B above B, h" that of R' 
above 'F, i"* tjbe depression of the point B*'* below B^', and so 
em By taking H equal to tbe sum of tbe devations h! + hf* + 
ftc'f awd JD «qi|al to the sum of tbe depressiMs, we shall have 

H-^D :as diffbrence of level y 
and B* will be above or below B9 according as J? is greater or 
less than H. 

t From the expression 90^ =. | {ZAB + VBA) —\C (143) we 
ha?e|^ C « I {ZAB + VBA) — 90* 
and sin J C « — cos J (JSffJJ + VBA). 

. » • , > - > . - ... ■ ' . ' . '1 
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102 .application of Tri^nomeiry. 

» 

If A* denote the height of the point B above the level of the 
JV* ^ jST — D will be the height of any other point A" above this 
same level ; and it is obvious that we have only to sttbtract the 
length of the signal from the absolute height of its summit, in order 
to obtain the absolute height of the ground on which it is placed. 

148. In the above formula it is $upj>osed that the points Ji, B, 
are the summits of the Mgdals employed ; but the instrament 
used for taking the angles can seldom be placed precisely at 
Fig« 82. these points. In observing B (Jig. 8d) for instance, the instru- 
ment for the most part is at some point a below .i. At the other 
station also, the place of observation, instead of being at B, is 
usually at some lower point b. The zenith distances actually 
observed therefore will heZaB, VbA, instead of ZAB, VBA. 

In this case, since 
; ;, / '. :. ' . ZaB + aBd = ZJiB^Oeom. 78), 

if we add a BA to the zenith distance as observed at a, we shall 
have the zenith distance such as it would be found to be if the 
instrument were placed at A. Now AB and the distance A a being 
supposed to be known, we obtain the above correction by the 
following proportion, 

AB I sinAaBii A a : sin a IT A^ 

which gives 

A a sin AaB 



sin a BA = 



AB 

R" A a sin AaB 



"" AB 

in seconds, R' being the radius in secondsf. 

149. In what we have said upon the subject of levelling, we 
have supposed that light, in coming from an object to the eye, 

t The expression for the angle is reduced to seconds by dividing 
it by V\ or (on account of the smallness of the difierence) by the 
sine of V; or, which amounts to the same thing, by multiplying 
it by the number of secouds contained in an arc equal in length 
to radius. But, since the ratio of the diameter to the circumfer- 
ence is as 1 to 3,14159 &c., when the radius is 1 or the diameter 2, 
the circumference is 2 x 3^4159 &c, and the semi-circumference 
or 180° is 3,14159 &c. $ consequently 

8,14159 &c. : 1 : : 180° : R^ 

whence 

180° 
R « ^^^^^^^^ » 57° 17' 44,8^ R « 3437.75', fi" « 206264,8". 

The logarithm of R'\ which we have frequent occasion for^ is 5931443. 



proceeds in a straight line. But it is to be observed that when 
a ray traverse^ obliquely the different strata of tiie atmospheref 
it is slightly curved In a vertical ^ase^f and it is in the dri*ec« 
tion of a tangent to this curve that the object is actually seen. 
Thus, if BDA (Jig. B3) represent flie path described by a ray Fig. 83. 
of light in passing from fi to .A, the object B will be seen at ff 
in the direction of a tangent at the point A* 

Let C (Jig. 84) be the centre of the earth, and j1, B, tWo sig- Fig. 84. 
nalsy A* the apparent place of .fl as seen from B, and ff the 
apparent place of J3 as seen from A. SKAB^ VBAt^ will be the 
apparent zenith distances, ZAB^ VBA, the true zenith distances^ 
and the difference between tlie former and the latter reflectively 
will be the refraction sought. 
Since ZAB =C + ABC v 

and VBA = C + BAC 

we shall have 

ZAB + VBA = 2 C + ABC + BAC =s 180'' + C; 
if we subtract from this quantity the apparent zenith distances, 
we shall have the sum of the two refractions, namely, 
r + r' = 180 + C — ZABT — VB^ '' 
= C — (ZAW + VBA' — 180°) 
or, by considering r =:zr^, 

r = i (C — (ZAff + VBA' ~ 180^ ) ; 
that is, Tre subtract tht sum of th^ depressions tf the two signals 
below the hor%%onjrom their distance asunder, considered as an arc 
oj a great drde of the earth, and take half the difference for (fte 
terrestrial refraction. 

150. At 18,6 yards below the top of the signal A, the zenith 
distance of the upper extremity of the signal B was found by 
observation to be 90^ IS' ; and at 16,5 yards below the upper 
extremity of B the zenith distance of the point A wiis 89^ 5&, 
the jectilineal distance between the two signals being 31172,8 
yards. It is proposed to determine the amount of the refraction. 

We first reduce the zenith distances to the tops of the signals 
by the formula 

^^ M'^AasmAaB ^^^- . 
sin aBAzsi -j^ (148). " 

t There are sometimes lateral deviationi*, but these are considered 
as exceptions to the general law. 



TkUBf to ittd ti» rtAiClioA in ieednds^ 



5.5Q62£ 5^0622 

Jla ^ . .^ 18»6 • . M6951 J3i • . 16^5 . . .^ 1,21748 

stn^Afi..90''ld' tO>(KM)90 sin ^ & JB ». 89'' 56' .. 10,00000 

R" 5,S144a R' ...... ^,S1443 



123'' = 2' 03" . . 2,09016 109" = 1' 49" . . • 2,03813 

J'ig.84.. 4oJ5C%-84) = 9O°13'0a" w46B =89°56'0O^ 

2' 03" 1'40^ 



Z^J8' = 90^15'03" Ti5^' = 89° 5r 49" 

151. Now in order to apply the formula for the terrestrial re- 
fraction, since one minute of a degree is equal 6076 feet or 
2025,3 yards, 31172,8 yards = 15' 23'' = the angle C; whence, 
by the formula 

r = 1 (C— {ZAB + VBA — 180^) ), 
we have ' 

r = I (15' 23" — (90° 15' 03" + 89^ 57' 49"— 180**)), 
= \ (15' 23" — 12' 52") 
= K 2'3ip= 1'15,5^ 
If w« divide both iflenibers of the equation by C, we shall 

luive 

r 1'15,5'' 75,5" ^ ^^ , . 

7J = TF23^'=*923^=^^®^^A"^J'' 

whence 

r=z^j^C nearly ; 

and for other distances r is found to bear about the same pro- 
portion to the angle subtended at the centre, that is, the terrestrial 
r^raction is ordinarily about one twdflh rf the dutance between 
the observer and the dbjeetf considered as an arc of a great drck of 
the earth. Suppose, for instance, that the top of a ship's mast 
is seen twelve nautical miles off at sea, this distance, considered 
as an arc of the circumference of the earth, or as subtending an 
angle at the centre, amounts to 12', one twelfth part of which, 
or 1', is the angular elevation of the object produced by refrac- 
tion. 
Fig. 83. Thus ADB (^fig. 83) being supposed equal to 12 nautical miles, 
• jB will appear from the point A at B, I' minute above its true 



ia5 

place, and Bff may be considered as the natural sine of an arc 
of one minute* belonging to a circle whoRd radius is 1£ tiai^tcal 
miles. Now the sine of 1% radius being unity, is 0,00029 {see 
table of natural rines): Accordingly we have 

BB' = 0,00029 X 12 = 0,00348 of a mile 

= 0,00348 X 60r6 = 21,14 &c. feet. 
It follows therefore that at the distance of 12 nautical mUes 
an object is seen about 20 feet above its true place* 

152, It is to be observed, however, that the terrestrial refrac-^ 
tion is foutid to vary considerably in different countries, and at 
different seasons in the same country. It is estimated at ^^ by 
Dr Maskelyne, and at ^^ by Legendre. In France, according 
to Delambre, it is about 0,075 in snmmer, 0,08 in spring and 
aututnn, and from 0,09 to 0,1 in winter. 

153. The correction for refraction being appliedf to the appa- 
rent zenith distances as observed at A and B {Jig. 81), the true Fig. 81v 
diff*erence of level is found by one of the formulas above investi- 
gated; thus 

^^ ^ coi, i {VB^ -^ ZjiB -h C) 

_ JTsin i (89^ 57' 49'^ — 90^ 15^ 03^0 

"" cos i (s9° 57' 49" — 90*^ 1* 03'' + 15' 2S"j 

_ 3n7i;>,8 sin I (~ 17' U") ^ 

"" cos J {— 17' 14* + 15 23") * 
or by logarithms, 
I (— 17' 14" + 15' 23'<) = — I (1' 51'0.-55". Jo&COS...10,00000 

0,00000 
t (_ ir 14") ... 8' 37". . . . log. sin . . 7,39906 

' 31172,8 4,49378 

SB's: .... . —78,134 yds 1,89284 

As VBA is less than ZABf BB is negative, that is, thi dis- 
tance of B ft-om C is greater than that of A from C. 



t it is not necessary to apply the correction for refraction to ob- 
tain the difference of level, when we employ the formula involving 
both the zenith distances, since, Wf adding the same quantity, V \5'[ 
for instance, to each of the zenith distanees VBA^ ZBdy the differ- 
ence remains unaltered. 

Top. 14 



too ,ipj[A\eai!im ^ Tf^iwwnMry* 

154. We obtain y^tj nearly the same resrit by the formala 
in w^h I C is nq;lected (144). Thus 

B& = KiMi\{VBA — ZAB) 
=3 51472,8 tang 8' sr" j 
and by logarithms, 

31172,8 4,49378 

tang . . 8' 37" 7,39907 



MMi«> 



jBS' =: . • — 78,135 1,89285 

BB is negative for the reason already mentioned (153). 

155. If only one of the zenith distances ZAB were known, 
we should make use of the formula 

BB z^ K cot ZAB — I C. 
Thus, in the present case, 

BB = 31172,8 cot (90° 15^ OS' + i' 15" — 7' 42")!* 
and, by logarithms, 

31172,8 4,49378 

90°1 5'03"+ 1'15" or90°16'18" — 7'42"= 90*'08'36"logcot 7,39822 

Bfi'— 77,98 ... • . ' 1,89200 

156. When K is unknown, both the zenith distances being 
given, we have recourse to the formula 

BJB' = — 2 /? cos|(Z^B + VBA) tang | {VBA — ZAB), 
which in the above example becomes 

J»J8'=-r7912 X ij^cos J(90«^ 16' 18+ 89^59' 04") taiigi(89<'59'04"— 90oi6'18'0 

7912 3,89829 

1760 . . . . . . . 3,2455l! 

|C90°1 6'1 8"+ 89°59'04'0=i(l 80° 1 5'22''= 90°7'4 1" log COS 7,34928 
|(89^59'04"— 90°16'18') = |(1 7'14") = 8' 37"...log tang...7,39906 

J5JB/_ 78,08 >--l,892l4 

Pig. 85, ^^7'. The zenith distance ZAB (Jig.SS) of the surface of the 
sea, as observed from the top of a mountain, being given, it is 
proposed to find the height of the mountain. -^ 

We might mal^use of the formula BB = J5fcot ^AB^^C) 

(145), since C= ZBA — 90° fOeom. 78), and if = ^4^. But 

a more convenient and exact formula may be obtainediT 
A being a right angle, wehav# the proportion 
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t The correction for refraction + 1' 15" is applied here, because 
only one zenith distance is used. 



« 

whence 

^ cos C i 

COB C COS C \ COS C / 

Boty since 1 — • cos C= sin C tang ^ Cf^ we obtain 

=: R tang (FB^— 90^) tang J (FBjJ — 90°), 
or, since VBA — 90° is very small, < 

Bff = R tang ( VBA — 90°) | tang (FBjJ — 90°) 
= I /? tang (FB4 — 90°)«. 

158. In this formula FBA Is supposed to be corrected for re- 
fraction. If VBjT be the apparent zenith distance, we shall 
have 

VBA = VBA' + 0,08 C (151) 

= VBA' + 0,08 {VBA' — 90°). 
This value being substituted for VBA, the above formula be- 
comes 

JBF = i U tang {VBA ~ 90° + 0,08 {VBA'— 90^))« . „ 
= I /? tang ( (1 + 0,08) {VBA' — 90°) )» 
= I B (1 + 0,08)« tang(Fa4'— 90°)« very nearly. 

159. Suppose for example that the angle VBJV, as actually 
observed at the point B, to be 90° 19' 08'', we readily obtain the 
height of the mountain in feet ; thus 

BB' = 1 3956 X 5280 (1 + 0,08)* tang (90^ 19' 08" — 90°)« ; 

and by logarithms 

1 3956 = 1978 log. . . 3,29623 

5280 . . •- log. • . 3,72263 

1 -f. 0,08 = 1,08 2 log, . . 0,06685 

90° 19' 08" — 90°, = 19' 08" . .2 log. tang 15,49102 

JSjB' = 377,^ feet 2,57673 

Deducting the allowance fin* refraction we have 2,57673 — 
0,06685 = 2,50988, which gives tlie height J5B' = 325,5 feet 

t The formula ^ ^^ ^^^ ^ = J {'^rig. p. 25), by multiplying 

by it — • cos a and dividing by cot | a, and putting £ » 1, gives .^ 

sin a , . , 
1 •-« cos a s= —7-; — = fiia a tang i a. 
cot i o ® • 
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Tig. 86. 160. 'BeciprocaOy* the height of the station B& {fig. 86) 
being given* it is proposed to iijid the apparent zenith diKtanre 
VBJ^f or the apparent depression of the horisoa UBJi, called 
the dip. ; 

The formula, 

JBF = i H tang (VBJl —^90^) » (157% 
BB^ being known, and VBA the quantity sought, ^ives 

tang (VBA — 90°) = tang HBA = Jj-g. 

But the correction for refraction ABA^ 

= 0,08 B A (151) = 0,08 C = 0,08 HBA ; 
accordingly we have 

HBA' = HBA — 0,08 HBA = 0,92 HBA 



= o;92j~nearlyCTrt^.ir) 






0,9a 

= sin i"v hi r*^' 
in seconds. 

92 
^ is constant, and its logarithm, JZ being estimated in 

feet, is 1 ,96379 — 8, 1 9500 = 1 ,76879. If the height BB'.afl that 
of the deck of a ship for example, be 12 feet, we have % 1^ ^ ^ 
log. 12 = 0,53909. This added to 1,76879 gives 2,30788^ whirh 
answers to 203'' = 3' 23" the dip of the horizon, or quantity 
to be subtracted from observations of altitude at sea, when the 
observer's eye is 12 feet above the surface. To find the dip for 
any other elevation, as a, we have simply to add half the loga- 
rithms of a in feet to 0,76879, or, to use the proportion 

s/\2 : V« • • ^' 2^" • d5p required. 
161. Where the difference of level is great, as in problems 
respecting the heights of mountains above their bases or above the 
sea, the weight of the atmosphere, as determined by the barometer, 
is generally used in preference to any other method. Suppose 
Fig. 87. the whole height of the atmosphere AT {jig. 87) to be divided 
into an indefinite number of strata of the same thickness, and so 
small that the density of each stratum may be considered as 
uniform. If we represent the densities of the several sucessive 
strata beginning at the surface of the earth by a, ft, c, &c., 
since the weight of each is as the density multiplied by the 
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thickness^ fhe fbtckn^ss being considered equal to one^ we shall 
have the weights as the densities, that is, as a, 6* c« &c. Conse- 
quently, the weight incnmbent upon the 1st stratum will be as 
b +c -^d + &C.9 that upon the 2d as c -f d -f- e -f &c., and so 
on. But the density is as the incumbent weightf , or compressing 
force ; accordingly we have 

a : fr :: b + e + d+ kc. x e + d + e-f &c« 
b : c : : c+d + e+ &c. : d + e +f+kc. 
atid so on ; whence 

a I b :: b I c :i c : d, and so onff ; 
that ist when the altitudes above the surface are taken in arith- 
metical progression, the corresponding densities, and conse* 
quently the incumbent weights of the atmosphere at these heights^ 
form a geometrical series ; in other words, the heights are the 
logarithms of the corresponding weights of the atmosphere, ac- 
cording to a particular base, which may be determined by ex« 
periment (Mg. 254). Distinguishing these logarithms by a, if 
we denote any two heights by A, A% .and the corresponding 
weights of the atmosphere, as determined by the barometer, by 
w, Tv'f we shall have 

or putting h = Offf , A' = a w — aw', 

that is, the difference of level, or height of one of the places in 

question above the other, is expressed by the difference of the 

t This is ascertainefl by eiperiment If we taice a portion of air 
and compress it by a certain weight, upon doubling the weight the 
air is reduced to halt the space. The weight being quadrupled, the 
air is reduced to one fourth of the space, and so on. 

tt If we suppose a:biibie:ic:dizdi€:t€tf &c., 
by omitting the first couplet and taking the sum of the aatecedentB 
and sum of the consequents (Geom. IV), we shall have 

b:c::b+c + d + &c* : c + d + e + &c., 
and consequently 

a : b :: b-i- e + d + &c. : c + d -i- e + Sec. 
Bj omitting the two first couplets we shall have 

c :dorbic:»e+d + e + &c. i d + e +f + &c« 

tft This amounts simply to supposing that the lower station coincides 
with the common level, the sea, or some assumed levels as the base 
of a hilh to which the other point is referred. 
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logsuritbins of tiie mercurial colosins^ these logarithms beiag 
constructed upon a particular base adi^ed to this purpose. 
N0W9 since logarithms are changed from one system to another 
by a constant multiplier (Mg. £dO)» we shall hare 

A' = or (log. w — log. w')f 
log, denoting the common logarithm of the quantity before which 
it is placed. Hence, by taking an object whose elevation has 
been previously ascertained by other methods, we readily find, 
once for all, the value of the multiplier x, thus 

log. w — log. tcr 

Let us suppose, for example, that at the bottom and fop of a 
tower, whose height is £00 feet, the mercury stood in the ba- 
rometer as follows, namely, 

at the bottom • • • • 29*96 inches, 

at the tq> 29,74, 

the temperature of the air being 48^. We shall have 

200 200 200 _gg5QQ 

^"" log. 29,96— log. 29,74 "" 1,47654-1,47334"" 0,00320 "" 

162* But this multiplier is constant only when the mean tem- 
perature of the air at the two stations is the same ; and for a 
lower temperature the multiplier is less, and for a higher it is 
greater, •i correctionf however ^ may he applied for any deviation 
from an assumed temperature^ by increasing or diminishir^ f ac- 
cording as the temperature is higher or lower J the approanmate 
height by its AS5th part for each degree of FahrenheiVs thermomster. 
We can moreover change the multiplier to a more convenient form 
by assuming such a temperature as shall reduce this number to 
60000 instead of 62500. Now 62500 exceeds 60000 by its 
25Ui part ; and, since 1^ causes a change of one 435th part, the 

proportion 

1 .10,. 1 .170 

gives 17^ for the reduction to be made in the temperature of the 
air at the time of the above observations, in order to change the 
constant mnltiplier from 62500 to 60000, or to 10000, by calling 
the height fathoms instead of feet. Thus, the thermometer stand- 
ing at 48°, we may suppose it to stmid at 48° — 17° or 31^ ; and 
then we take 10000 as tlie multiplier, and apply a correction ad- 
ditive for the 17° excess of temperature. 

The above observations, for example, being given, to find the 
height of the tower. 
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S9»d6 log* • • • • 1^7654 

£&,r4 • .... log. . . . • 1,47384 

DiKoflog. » • • , 0^00320 
Multiplier • . • • « 10000 

Product ••••*• d£ 
Thus the height of the tower is 3£ (kthoms, or 32 x 6 = 192 
feet^ on the supposition that the temperature of the air is 31° ; 
but it being 48'', this result is to be increased ^^ part for each 
degree above 31*^ f that is, by -^j or ^^ of the approximate 
Iieight By adding ,^j of 192, or 8, to 192, we have 200 feet 
for the height of the tower. 

This same method is applicable to other cases, whatever be 
the temperature of the air at the two stations / that is, the differ^ 
ence ^ the logarithms of the two barometric columnf, the decimal 
point being removed four places to the right, is the approximate 
height or difference of level infatlwms. A correction being ap- 
plied for the difference of the mean temperature of the two 
stations from 31°, according to the rule just given, the true 
height is obtained* 

163. Given the height of the mercury ih the barometer at the 
bottom of a mountaih = 29,37 in., and at its summit = 26,59 in., 
to find the altitude of the mountain, the mean temperature at the 
two stations being 26"'. 

29,37 log 1,46790 

26,59 log. • . • • 1,42472 

diff. • • • . 0,04318 
Approximate height • • • = 431,8 fathoms. 
Correction ^1^ of 431,8 . . = — 4,9 

True height i. 426,9 = 2561,4 feet. 

164. We have supposed in the above examples that the tem- 
perature of the mercurial columns at the two stations is the 
^ame. Where the difference is considerable, the result will evi- 
dently be affected by it. If the upper station, for instance, be 
the coldest, which most frequently happens, the mercurial column 
will be too short, and will consequently indicate too great a 
height The contraction being about one 10000th part for each 
d^^ee of cold, or 0,00£5in. in a column of 25in., it would require 
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4^ difference of temperature to prod^^^ , an effect amootttiiig to 
ane division on the scale of a cooiniop barometery where the 
graduation is to hundredths of an inch* 

This correction is combined ^ith the foregoing rule in the 
following formula, in which U t'f represent the temperature of the 
Air, 9f 9% that of the mercury, at the two stations respectivelj, 
0,0023 being equivalent to ^l^ nearly. 

A'= 10000 (1 + 0,0023 (~^ — Sl\ log , ^ I n.T. . ^ 7. 

165. Beside the corrections above considered, regard is some- 
times had to the effect of the variation of gravity in diflferent 
latitudes, and at different elevations above the earth's surface. 
The latter however is loo small to require any notice in an 
elementary work. The former may be found by multiplying 
the approximate height by 0,0028371 X cos 2 lat. It is additive, 
when the latitude is less than 45", and subtractive when greater. 
Or it may be taken from the following table. 



Latitude. 








Correction. 


0° , • . . + 7I7 of the app. height. 


5^ 








' + ^ 


10*^ 








' + sh 


15" 








• + xhr 


20'' 








' + :th[ 


25" 








• + tIt 


SO** 










35" 








+ TvVv 


40" 




* ' 




' + wVv 


45° 











50" 








•^ -J Av 


55'' 








•^TTTTW 


60" 








• -^ TTTT 


65" 








• - T^ 


70" • , 








"- th) 


75"" 






* 


• — ^hr 


80° 








— 1 


85" 








TTfT 


90° 






' 




77T 


166. 1. Given the pressure of the atmosphere at the bottom of^ 


a mountain<equal to 29,68in. of mercury, and that at its summit 


equal to 25,28in., the mean temperature being 50", to find the 


elevation. 




i 


Am, 


727^2 fathoms or 4363^ feet. 
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S. The follomn^ observations being taken ftt the foot and 
summit of a mouittain, namely^ 

at the foot bar. £9,862 attach, therm 78^ detach. therm|.7l^ 
at the summit <« 26,137 " 6S« <« 55° 

to find the elevation. 

dm. 6! 8,9 fathoms, or 3713,4 feet. 

3. It is required to find the height of a mountain in latitude 
3C)% the observations with the barometer and thermometer being 
as follows ; namely, 

at the foot bar. 29,40...attach. therm. 50''...detach. therm. 43° 
at the summit *« 25,19. ** 46° " 39^ 

Mg. 683,27 fathoms, or 4099,62 feet. 

Trigofiametrical Surveying. 

167* This term is applied to those operations, which have for 
their object the more accurate determination of the geograpliical 
position of places, and finally tliat of the magnitude and figure 
of the earth itself. Where a survey is made to comprehend an 
extensive country, it is evident that the lines, amounting to dfany 
miles in length, and extending over mountains and vallies, can- 
not actually be measured with any considerable degree of accu- 
racy. It is usual, therefore, in such cases to connect the prin- 
cipal points to be determined, by a series of triangles, as repre- 
sented in figure 89, the angles of which, together with any one Fig. 89. 
side, being carefully measured^ the whole ^become known, and 
the distance .and bearing of any two^pointe are thence deduced 
by calculation. 

The principal triangles are made as large as possible, by con- 
necting the most pnunioent objects that are favourably situatedff 
for this purpose. The side to be measured^ called the base, is 
usually much shorter than those of the princiiwl triangles, and 
fs taken upon a heath or other level piece of ground, that ad- 
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t The attached thermometer measures the temperature of the mer- 
cury in the barometer, and the detached thermometer that of the 
surrounding air. 

tt It evident that the condition the most favourable to accurate 
results, other things beii^ the same, is when the triangles are equi- 
lateral. 

Jbp. 14 
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mits of its length, as referred to the level of the aea» being as* 
certained with the greatest precision. It is customary also to 
measure the side of some other triangle, as d Cf near the other 
extremity of the series, called the base of verification, and to 
compare the result of this measurement with the computed 
length of d c, for the purpose of being enabled to judge of the 
correctness of the whole processf. 

Two other operations purely astronomical are now requisite to 
complete the work. The first is to find the angle comprehend- 
ed between the meridian and the side of one of. the given trian- 
^es, $L3 Jbb'^ and the second to determine the latitude of each 
I of the extreme ptdnts A^ B^ we shall the^n have the means of 
computing the perpendicular distance bb\ pp', &c.^ of each 
station from the meridianf and the distance of each perpendicu- 
lar A b\ Jij^i &c., from A. Knowing therefore the absolute dis- 
tance A Xf and the difference of latitude of these two points, we 
readily find the length of a degree, and thence the length of 
360^, or the whole circumference of the earth, considered as 
a sphere. By performing similar operations in diffei*ent lati- 
tudes, we obtain the length of degrees in tliose latitudes^ and 
thence the true figure of the earth, on the supposition that it is 
a spheroid of revolution, or sucb^as woufld be formed by the re- 
volution of an ellipse about one of its axes. 
' 168. The solution of this important problem belongs proper- 
ly to astronomy^ but it may not be amiss to make the learner 
acquainted in this place with some of those theorems, that have 
been investigated fi/r the purp(Tse of facilitating the observations 
and calculations above referred to. 

169. It will be readily seen, that, where a triangle is formed 
by means of signals placed upon the spires of churches and the 
highest points of other objects, it will often be impossible to place 
the instrument at the vertex of the angle to be measured. Sup- 
Fig. S& pose, for instance, that the angle C'^Jig. 8S), in the triangk JlBC, 
is required^and that the nearest |M>sition in which the instrument 
can be placed is at jP. The angle JPB = P, and BrC= P', bc- 



t In the great French survey^ conducted by Mechain and Delam- 
bre, the base of verification to a series of triangles extending from 
Meiun to Ferpignan, a distance of about 400 miles, differed less 
than 12 inches from its computed length. Instances of such extreme 
accuracy occur also in the English survey. 
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ing observed, and the side VP together with JC and BC, being 
known^ the angle C may be found. Thus, 

JiIB=iP + MP:=zC + PBC} 
whence 

Cz=zP •\^UP — PBC. 
Buty by the roles of trigonometry, 

AC I PC II sin CPA : sin CAP, 
whence 

• ^ ^-mS . *ii-.m PC^AXlCPA PC , /„ . niX 

sin cap or sin JJl* = ^ = ;jjTsin(P + F). 

Also 

BC . PC X : sin BPC : sin PBC; 
whence 

VC PC 

sin PfC = ^ sin J7PC = i;^ sin P. 

Now, since the angles MP, PBC, (or the arcs ineasaring them) 
are always very small, their sines may be tal&en as equivalent 
to the arcs themselves QTrig* 17). Accordingly, by this substi- 
tution, we shall have 



AC 



PC / sin (P+P) BJnPX 
"" ■*'8iQr'V -^^^ '^ BC / 



in seconds. 

The use of this formula cannot in any case be embarrassing^ 
provided the signs of sin (P + P') and sin P' be attended to. 
Thus the second term of the correction will be positive, if the 
angle (P +rO fall between and 180% and it will be negative 
if it exceed 180° (IVi^. 23). The contrary will take place with 
respect to the angle P'9 according as it is less or greater than 

180^ 

170. When .dC.or BC becomes infinite with respect to PC, 
the corresponding term vanishes (Jllg. 68), and we have^ in the 

first case, 

PC sin P^ 

^""^""8inl"/<C' 

and in the second 

PCsin(P + F) 

^-^ + sin 1" JiC • 

The first of these formulas is applicable whea -d is a heavenly 
body^ and the second when B is one. "When tdC, BC, are each 
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infinite with respect to PC, both the terms vanish^ and we jhaire 

C = P. 
in. Bat without JSl and B being at an infinite distance, C 
may be equal to P in innhmerable instances ; that is, whenever 
the centre is jilaced in the circumference of a circle passing 
through three points d, B, C; or when the angle BPC is eqaal 
to the angle BJiCf or to BAC + 180^ Whence, though C should 
be inaccessible, the angle JiCB may in many cases be obtained 
without any calculation. 

It may be fiirther observed, that when P falls in the circum- 
ference of a circle passing tlirough the three points Ji, B, C, the 
angles Ji^ B, C, may be determined solely by measuring the an- 
gles JiPB, BFC. For the opposite angles MBC^ JiPC, of a qnaid- 
rilateral inscribed in a circle, being equal to ISO"" (Oecmt. 130), 
we shall have 

jfACs 1 80'' — «tfPC, 
also 

AM? =3 180" -^ {^BO + MB) 
= 180° — {ABC + APB). 

172. If one of the objects Tiewed from a further station be a 
vane or staff in the centre of a steeple, it will sometimes be fount} 
that such object, when the observe comes near it, is invisible as 
well as inaccessible. Still there are various methods of finding 
Fig. 90. the exact angle at C(Jig. 90). Suppose, for example, the signal- 
staff to be in the centre of a circular tower, and that the angle 
APB was taken at P near its base. In the direction of the tangents 
PTf PT\ let two equal distances Pm, Pm', be taken at pleasure. 
Bisect m m! at the point n, and the angle n PB will be equal to the 
angle CPB. Also tl)0 distance P8 added to the radius C8 of the 
tower, will give PC the distance of the centre of the position P 
•from the centre of the station C 

If the circumference of tho tower cannot be measured for the 
purpose of determining the radius ; by measuring the angles 
BPTj BPT, wc shall have 

BPC =|(BPT+JBPT') 
and CPT = jBPT— BPT; 

then the measure of PT will give 

PC z=: PT ace CPT. 

ITS. If the base of the tower be a regular polygon, which not 
Fig. 91. unfrequently happens, take for the position P (Jig. 91) the point o^ 






intersecGon of two of the sides producedf and we shall have^ as be* 
fore, J»PC= i {BPT+ BFT)^ and PTequal to the distance from 
P to the middle of one of the sides ; and hence PC is found as 
above. If the figure be a regular hexagon, P m C m' is a rhombuSf 
in which mm' is equal to m(7(G^am» 271) ^ accordingly we 
have 

1 : %/gr :-. mm' I PC (Qtom. 272)» 
and hence 

PC ^mm' vST 
174. If the instrument used for taking the angles be adapted 
only to measure angles in the plane passing through the three 
stations, it becomes necessary to reduce these angles to the 
horizon. Let BCA (Jig. 92) be an angle measured in an inclin«p. _ 
ed plane, and JfCJ^ the corresponding horizontal angle, formed 
by the projection of CfJif CB. The zenith distances »afS6b, of 
the stations Jl, B, as observed from C, together with the arc a b, 
the measure of C, or of MB, constitute a spherical triangle, in 
which the angle at « is equal to JtCBf or C, the angle required 
(Geom. 471)* Hence, by the common theorem for the case where 
three sides of a spherical triangle are given to find an angle 
{Trig. 6(2), we have 



sm 






sin z a sin 2d ' 



175. It may sometimes be more convenient to take the inclina-i^ 
tions AC^f BCBf, of A and B, that is, the complements of the 
zenith distances. If we call these c, cf^ respectively, by intro- 
ducing them into the first of the above formulas, we shall have 

cos e cos </ 



4- 
4- 



_ Jsini (C +,c — c') sin I (C + c' —c) 
~" ^ cos c cos c' 

176, If c be equal to c', the above formula becomes 



4 



cose cose cose 



177. If the angles c, c% be very small and nearly equal, since 
the cosines of small angles vary very slowly, we may often use 
the following formula without sensible error, namely. 
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sm 4 C = , f , ,v very nearly. 

irs. The observed angles being reduced to the centfe of the 
station^ and to the horizon, it is proposed next to find the angle 
contained by the chords of any two sides of a known spherical 
triangle. 
Fig. 9S- ^he angle A, for example, of the spherical triangle ABC (Jig. 
93)9 and the two sides h^ c, being given, it is required to find 
the angle A', contained by b% d^ the chords of 6, c, respectively. 
From a known theorem of spherical tigonometry {Trig. 53)^ 
we have 

cos a = cos fr cos c -{- sin fr sin c cos A. 
Bui 

cos c = (cos I c)» — (sin \ c)* {Trig. ll)» 

= 1 _ (sin I c)« — . (sin \ c)» {Trig* 10), 
= l_2(8in^i;)*. 
In like manner 

cos a = 1 -<- £ (sin \ a)*, 
and ' cos b 5= 1 — 2 (sin \ 6)*. 

Stdistttuting these values in the above equation, we have 
1 — S(8in J a)»=(l— 2(8ini 6)» (I— 2(8in Jc)«+8iu ftsin c cob^, 
or, since * 

8inb=^ 28in|ico8^&,andsinc = 2sln|ccos|c {Try^. 11), 

1— 2(siiiia)tsl--S(sin^b)S(l^2(8in^c)S4.48iiii6cobi^6sin^ccos^ccos^ 

Now 

sin i 0=1 fl', sin | b;= ^fr', and sin ^cs^c^ (Trijp. 11), 
consequently, 
l_|o'«=(l— i6'*)(l— |c'*)+4ii'cosi5|c'cos^c cos^ 

=sl_i6'a_ic'« +:|6'»c'«+,6'c'cos|6cosJc coswJ, 
and by transposition, 

^ * ^ C ~ °'* = J y « C> + 1' c' cos 1 6 cos i c cos jJ. 
But 
COS ^ = ^— ^T-— » or cos ^' f C = ^'g^ (IV%. 38). 

whence, by substitution and division, we have 

cos w4' = I &' i c* + cos I & cos I c cos Af 
or, by restoring the values of | &' | c', 

cos A! = sin I 6 sin ^ c + cos \ h cos \ c cos A 
179. When the three sides a, b, c, are very smaO, compared 
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* 

with the radius of the sphere, the triangle differs hut little from 
a plane triangle ; and by considering it as such we can arrive 
at an approximate solution ; but in this case we neglect the ex- 
cess of the sum of three angles over two right angies( Gfom. 489). 
In order to obtain a solution more exact, it is necessary to take 
account of this excess, which may readily be done by means of 
a general principle, which we proceed to make known. 

Let r be the radius of the sphere on which the proposed tri- 
angle is situated. If we suppose a similar triangle, traced upon 
a sphere whose radius is 1, the sides of this triangle will be 

a h c 

'^* 1^* "^* 

T T T 

Then^ J being the angle opposite a, we shall have 

a he 

cos - — cos — cos — 

cos ^ = 1 — L (Trig. 5S}. 

b . c 
sin — sin — 

r r 

But, r being very great with respect to a, b, c, 

cos — = 1 — -— -" + i, and sm — =3 — — ^ ; 

r »r* ^2.3.4r* r r S.Sr» ' 

and cos — , cos — , sin -, admit of similar expressions. Whence, 

T T T 

by substituting these values in the above equation, we obtain 

^ V ar«^g.3.4rV V 2.*^g.3 4rVV >r^^^.S,4r* / 

\r 2.3rV \r a.SrV 

or, by reducing and neglecting all terms exceeding four dimen- 
sions, on account of the smallness of the arcs compared with 
radius, 

+ 



COS Ji = r r^ r-3 • 

be h^ c b c^ 

r* "" br* 6r* 

gt 4. e* 
Multiplying both terms of this fraction by 1 -f ./^ , and 

neglecting as before all terms of more than four dimensions, the 
equation becomes 

t For an investigatiun of these expressions for the sine and cosine 
•f an arc^ see note at the end of this part. 
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If now we gappose jj' to be tUe angle opposite to the side a, in 
' the plane triangle whose sides are equal in length to the arcs 
a, b, c, we shall have 

cos ^' == 51:^^^=^ (ivif.ss). 

Also 

.^ ^,, _a*~6*— c*+2fl«6*+2fl«c* +26«c« 
sin ^ = ^^.j— j, 

he 
or, changing all the signs and maltiplying both members hj —^ 

b c sin ^'* __ g* + ft4 ^ c4 — .g a< 5< ^^g9 c« ^ a 5« c» 

6r* "^ 24 6cr* 

These values being substituted in equation (1) give 

cos ^ = cos A^ T— = — . 

ViAAs::A' + x, and we shall have 

cos ^ = cos dl' — X sin A' ff. 
But 



whence 



cos ^ =: cos ^' — i — 5— s — ^, 

or* 
and ^ 6c sin ^' 

6r« 



t sin ^'« « 1 — cos ^'a (7W^. 10). 

"■ (2 6 c)* 

_ 4 6« c» — («-»+ 6-^+ e^ — 2<i* t* ~2fl* c»+ 2 6» c») 
"" 46* c« 

_— a* — «*— a^ + 2a« 6» +2tt»c» +26« 

4 6« c» 
ttBj the general formula (Tr^. ll) 

008 (^' + 0?) = cos .^^ cos 07— . siu .fl' sin.or ; 
or, since x is verj small, bj considering cosor =s 1, and sin a? = ^> 
we have 

cos A SB cos (Jl' + 0?) a cos .4^ »- 0? sin wf very nearly. 



c» 
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6 e 

Since x is of the second order with respect to — and — » it follows 

T T 

that the above result is exact to quantities of the fourth order j 
consequently we have 

^ = ^ + ^^IUjI'. 

6 r» 
Now I ft tf sin A' is the area of a plane triangle (1£4)9 whose 
sides. are a^Jt^ c, and which does not sensibly differ from that 
of the spherical triangle under consideration. Accordingly if 
we call the area of either the one or the other m, we shall 
have 



or 

In like manner 



•^ = •^' + s^» 
3r* 



3r« 

a^iC-^ — ; 

3 r» ' 
whence 

j3' + B' + C'orl80° = j3 + JB + C~ -^« / 

that is 

•« + B + C— 180° = -^; 

T 

— ~- therefore may be considered as the excess of the sum of the 
r* 

three angles of the proposed spherical triangle over two right 
angles. This being established, we have the following remark- 
able theorem^ by which the resolution of very small spherical 
triangles is reduced to that of plane triangles. 

J splierical triangle being praposedt the sides of which are very 
small compared with the radius of the sphere^ if from each of its 
angles we subtract a third of the excess of the sum of the three an* 
gles oroer two right angles, the angles so diminished may be taken 
for the angles (f a plane triangle^ the sides of whidi are equal in 
length to those of the spherical triangle. 

In other words-. 

•^ spherical triangle, slightly curved, whose angles are A, "B, C, 

Top, 16 
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and whose opposite sides are a, b, c, answers always to a plane 
triangle, whose sides are of Vie same length n, h, c, and wIuMe op- 
posite angles ore A — ^« B — ^*, C — |f , being the excess of 
the sum of the angles of the spherical triangle orver two right an- 
gles\. 

180. The excess t or — j-» which is proportional to the area 

of the triangle, mav always be calculated a priori, by means 
of what is known in the spherical triangle considei*ed as a plane 
triangle. If two sides b, e, are given, together with the contain- 
ed angle A, we have for the area 

u z=:^ be sin Jl (1£4). 
If the parts given are a side a and the two adjacent angles B, C, 
we shall have for the area 

Moreover we have 

R' being the number of seconds contained in radius 5 and thus e 

will be expressed in seconds, and — is a constant quantity. 

If the given side or sides be estimated in feet, r is also to be 
taken in feet, and we shall have in this case 
log. /2" — log. r« = log. 206264,8" — 2 log. S956 X 5280 

= 5,31443 —14,63978 

= 10,67465 
We have therefore only to add 10,67465 to the logarithm of tbe 
area of the triangle, expressed in feet, or to subtract its arith- 
metical complement 9,32535ttt> »" order to obtain the spherical 
excess in seconds. 



t This curious theorem was first announced by Legendre in the 
Memoirs of the French Academy for 1787. 

tt Sin wtf = sin (^ + C) : a : : sin ^ : 6 « 'n(^B4- C Y 

a • / n . #Y\ ' ^ a sin C 

^ ' ' sin {B + u) 

TT .1 • 1 . ^ , - sin H sin C 

Hence the area ss I be sia A ^ la* -r — ,^ ; ■ ^" . 

* ' sm (B + 6) 

ttt The constant subtractive logarithm used by General Roy» in 
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Suppose^ for example, (bat we had given two sides of a trian- 
gle, a, 6, and the incloded angle C, namely a = 248S30 feet, 
b = 212628 feet, and C= 103° 19* 10^ we should have for the 
area 

« =s I a & sm C, or , 

and, by logarithms, 

« log. . ... 0,30107 



a . • 248230 • • log. . 
b . . 212628 . . log. • 
C . . . 103° ly 10' • . log. sin 



Logarithm of the area • • • 
Constant logarithm sabtractive 



9,6989r 
5,39485 
5,32762 
9,98816 

0,40960 
9,32535 

1,08425 



Spherical excess = 12,14" . • 

Thus the spherical excess in this example amounts to a little 
more than 12"f ; and the sum of the three angles ouglit to 
exceed 180° by tiiis quantity. We are thus enabled to judge of 
the accuracy of the observations, and in some degree to apply 
a correction for slight inevitable errors. It is customary to in- 
crease or diminish each of the observed angles by a third of the 
error, in order to render their sum equal to two riglit angles 
plus the spherical exce&s. 

Tiie angles of the several triangles being thus corrected we 
may proceed to calculate the sidesff directly by the rules of sphe- 
rical trigonometry, or by reducing the angles to those contained 

the English survey, was 9*3267737, derived from the supposition that 
r ss 3962 X 5280 feet nearly, or 6 miles greater than the above. 

t The sides in the example above given are very large, being be- 
tween 40 and 50 miles. There are few cases in geodesic operations 
in which the spherical excess exceeds 5". 

ft One or more of the sides are first calculated for the purpose of 
finding the spherical excess, and by this means, of correcting the ob- 
served angles. In the method however of reducing the spherical tri- 
angles to those contained by the chords, there is this criterion of the 
accuracy of the observations, that the sum of the three reduced an- 
gles should always be equal to ISO*'. 
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by the chords (178), or by deducting one third of the spheri- 
cal excess from each of the angles, and considering the re- 
maining angles, together with the actual spherical sides, &s con- 
stituting a plane triangle. The first of these methods was pi*ac- 
tised by Boscovich, the second by Colonel Mudge and Delambre, 
and the last by General Roy. Indeed, Delambre informs us, 
that he computed, by each of the three methods, the whole series 
of triangles extending from the British channel to the Mediter- 
ranean. 

Kg. 88. 181. 1. Given AC {fis;. 88) = 4510 yards, BC= 4730 yards, 
APB = 33° 58' 37,43", BPC=232^ 55\ to find the angle ACB^ 
or the reduction to the centre of the station. 

Ans. ACB = 266^ Saf 54,S3" 

Tig. 92. 2. Given the inclined angle ACB {Jig. 92) and the apparent 
• zenith distances Z a = 91** 25' 51^', Z 6 = 91** 32' 45 ", to find the 
corresponding horizontal angle A'CR. 

Am. JtCB! = 61° 10' 49,18". 

Fig. 91. 3. Given the arcs 6, c [Ji^. 91) equal respectively to 15' 19% 
V 2&% and the angle A equal to 66'' 30' 56,88'', to find the angle 
A' contained by the chords of a, b. 

Ans. A' = eff" 30' 36,68" 

4. Given two sides of a triangle equal to 70290,2, and 
18349,6 feet respectively, and the contained angle equal to 55* 
43' 07^', to find the spherical excess; 

Ans. 5,022" 

5. Given the three observed angles of a triangle, namely, 
A = 53-* 58' 35J5", B = 57*^ 56' 39,5", C= 68° 24' 44', and the 
side c opposite to C = 79211,22 feet^ to find the sum of the errors 
of observation. 

Ans. —1,83". 

6. Suppose that two sides a, 5, and the included angle C, of a 
spherical triangle have been determined as follows, namely, 

a = 7921 1,22, b = 71934,2, and C = 53*^ 58' 35,75", 
it is proposed to find, by the theorem of Legendre, the angles, 
and the remaining side, of the corresponding plane triangle. 

angles of the spherical triangle* angles of the plane triangle. sides. 

A 68*> 24' 45", . .. ^ = 68° 24' 44,64", . . a = 7921 1,22 
Ans. < B 57"* 36' 40,33", . . J? = 57° 36' 39,98", . , fc = 71934,2 

58' 35,75", . . C c= 53° 58' 85,39", . . c = 68896,9 



NOTES. 



Description and use of 1^ FUme Sedky Sartor, S^e. 

The plane scale is an ingtrumeiit of wood or metal varyiiig in 
length from six inches to two feet. It usually contains lines of the 
following denomination^ namely, 

!• • • Equal Parts, marked 

2. . • • Chords, • 

3. , . . Rhumbs, • 
4« • • , Sines, 

5. . • • Tangents, 

6. . . . - Secants, . 

7. . • • Semi-Tangents, 

8. • . , Longitude, 
9* • • . Latitude, 

10. • . . Hours, 

!!• • • • Inclination of Meridians, 

] . Lines of equal parts are of two kinds. The first, represented 
by figure 94, consists simply of a certain number of equal portions of 
any convenient length, the extreme one on the left being deeimally, 
or duodecimally subdivided, and the rest being numbered 1, 2, 3, &c. 
There are usually several of these lines adapted to different purposes 
and distinguished by the numbers £0, 25, &c.| showing into how 
many parts an inch is divided* 

These lines are used in laying down any distance, as feet, chainsr, 
miles, &c., expressed by a number consisting of two denominations, or 
two figures. The several divisions may be considered as feet, for ex- 
ample ; then the decimal subdivisions would be tenths of a foot, and the 
duodecimal subdivisions, inches. So also each of the principal divisions 



E.P.t 
Cho. 
Rh. 
Sin. 
Tan- 
Sec. 
S.T. 
Long. 
Lat. 
Ho. 
In. Mer. 



t These letters are often omitted, and the names of the other lines still 
further abbreviated, as Ch. or C. for Chords, Si. or S. for Sines, Ta. or T. for 
Tangents, &c. 
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may be regarded as ten feet, ten miles, &c«, and in this case the de- 
dmal subdirisions will represent feet, miles, &c., respective! j. 

The second construction for lines of equal parts is represented bj 
figure 95. It consists, when intended for a decimal scale, of elevei 
lines, drawn parallel to each other, and at equal distances, the ex- 
treme ones being divided in the manner above explained^ and the 
subdividing points being connected by diagonal lines, that is, bj lines 
proceeding from the first point on the one side, to the second on the 
opposite, and so on, as exhibited in the figure. Then, by similar tri- 
angles, Bs ab : ac iibo I cd, that n,cdis one tenth of the subdivi- 
mons, or one hundredth of the primary divisions of the scale. lo 
like manner ef may be shown to be two hundredths, and ^ h three 
hundredths of a 1. While, therefore, the first scale is limited to two 
figures, this is adapted to three. If the number proposed were £55) 
for example, we should take 250 as on the former scale, by extending 
the compasses from S of the principal divisions, considered as contain- 
ing each ten parts, to five of the subdivisions, then by opening the 
compasses to the corresponding extent on the third of the parallel 
lines, we shall obtain the length required. 

There are generally two diagonal scales laid down on the same face 
of the instrument, the unit of the one being double that of the other, 
and commencing on opposite ends of the scale. 

In order to construct the remaining lines of the plane scale, de- 
Fig. 96. scribe the circle ^EBD {fig. 96) with any convenient radius AC, 
and draw the diameters AB, DE, at right angles to each other. 
Continue SA at pleasure toward F, and through D draw DG parallel 
to BF* About the circle circumscribe the square MMAT, having its 
sides HM, MJ^T, parallel respectively to the diameters AB, DE, and 
draw the chords BD, BE, AD, AE. 

% For the line of chords, divide the arc DA into equal parts, mark- 
ing the tenth divisions with the figures 10, £0, 30, &c. With one foot 
of the compasses in D transfer the several distances D 10, D £0, &c., 
to the chord DA, which, marked with the corresponding figures of the 
arc, will become a line of chords. There are usually several of these 
lines, constructed with different radii, upon different parts of the 
scale. 

5. For the line of rhumbs, divide the arc BE into eight equal 
parts, marking them with the figures 1, £, 3, &c., and subdivide each 
of these parts into four quarters ; then, with one foot of the compass- 
es on B, transfer the several distances ^1,^2, &c., to the chord BE, 
which, marked with the corresponding figures of the arc^ will be a 
line of rhumbs. 
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4. For the line of sines, through each of the divisions of the ar^ 
Dji draw lines parallel to the radius «JC> and CD will be divided into 
a line of sines, which are to be numbered from C to 2> for the r^t 
sines, and from Dto C for the versed sines. These maj be continued 
to 180^ by applying the divisions of the radius CD from CtoE. 

5. For the line of tangents, lay a ruler on C and the several divi-* 
sioBs of the arc DJl, and the intersections with the line DG, being 
numbered with the corresponding figures of the arc, will become a 
line of tangents. 

6. For the line of secants, with one foot of the compasses^in C trans- 
fer the distances from the centre C to the divisions oa the line of tan- 
gents, namely, C 1 0, C 20, &c., to the line JiF, and these will give 
the divisions of the line of secants, which is to be numbered with 
the corresponding figures of the line of tangents. 

7. For the line of semi-tangents, lay a ruler on E and the several 
divisions of the arc JiD, and the points of intersection with the ra- 
dius Cd, being numbered with the corresponding figures of the arc 
AD, will be a line of semi-tangents. This line is generally continu- 
ed as far as the length of the scale will admit. The divisions beyond 
90^ are found by dividing the arc JiE like the arc AD, and placing a 
ruler on E and these divisions of AE, and the line of semi-tangenta 
above 90° will be obtained on CA continued. 

8. For the line of longitude, divide AH into sixty equal parts, and 
through each of these points draw lines parallel to the radius AC, and 
meeting the arc AS. With one foot of the compasses in E tranter 
these divisions to the chord AE, and this line will become a line of 
longitude. If this line be put on a scale close to the line of chords, 
but inverted so that 60° on the line of longitude shall be against 0° on 
the line of chords, &c., and any degree of latitude be counted on the 
line of chords, we shall have opposite to it on the line of longitude, 
the miles contained in one degree of longitude in that latitude, the 
measure of one degree at the equator being sixty geographical mile&. 

9. For the line of latitude, place a ruler on A and the several di- 
visions of CD, and note the intersections made on the arc BD* With 
9ne foot of the compasses in B, transfer these divisions to the chord 
BD, numbering them with the corresponding divisions of CD, and 
this will be a line of latitude* 

10. For the line hours, bisect the quadrantal arcs BD, BE, in 
0, h. Divide the quadrant a b into six equal parts, making 15° to an 
hour, a^d subdivide each of these into four parts for quarters of an 
hour. A ruler on C and the several divisions of the arc a b will in- 
tersect the line MnN*in the hour points, which are to be marjced as in 
the figure. 
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11. For the line of inclination of meridians, bisect the arc JB^ in 
t ; divide the quadrant h c into ninety equal parts ; place a ruler on 
C and the several division of the arc b c, and the intersections widi 
the line BM will be the divisions of a line of inclination of me- 
ridians. 

The line of chords is used in protracting and measuring angles. If 
Fig. 97.it were required, for instance, to draw the lines JB, AC {fig* 97.), 
inaking the angle A equal to 20°, having drawn one of these lines, as 
AB^ we should extend the compasses on the line of chords from to 
60^ and with this extent, describe from .4 as a centre, an arc cutting 
the line AB in m ; then since the chdrd of 60° is equal to radius 
{Qeom. 271), this arc will have the same radius as the circle to which 
the given scale of chords belongs ; accordingly if we take in the com- 
passes on the same scale the extent from 0° to 20°, and apply it from 
m to n, and through the point n draw the line AC^ the arc m n will be 
equal in all respects to the arc D 20°, that is, it will contain 20^, and 
being the measure of the angle A^ this angle will be of the required 
magnitude. 

In like manner, if the lines AB, AC, were already drawn, and it 
were proposed to measure the angle contained by them, having de- 
scribed the arc m n with the chord of 60°, we take in the compasses 
the extent from m to n, and applying it from toward A on the same 
line of chords, and the number against which it falls shows the magni- 
tude of the angle A, 

The line of rhumbs is also a line of chords. It has reference to the 
divisions of the Mariner's Compass, in which a right angle, instead 
of being divided into 90°, is considered as containing 8 points of 11° 
15' each, and each point is subdivided into four quarters. Problems 
in navigation are frequently solved by estimating the angles in points 
and quarter points instead of degrees and minutes, but the nature of 
the solution is evidently not affected by this change in the denomina- 
tion of angular magnitude. 

The lines of sines, tangents, secants, and semi-tangents, as also the 
line of chords, are used in orthographic and stereographic projection. 

Fig. 13. Thus, the primitive circle (^•12), being described with a radios 
equal to the sine of 90°, the radii C 10, C20, &c., of the projected 
parallels are the sines respectively of the polar distances of these par- 
allels, that is, of 80°, 70°, &c. (7). In the polar stereographic projection 

Fig. 14. {fig* 14) the radii P 10, P SO, &c., of the parallels of latitude, being 

. the tangents of half the polar distances respectively (17), that is, the 

semi-tsmgents of the polar distances, the primitive being described 

with the semi-tangent of 90®, or radius, for the radii of the other 
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parallels we hare simplj to take from the same scale, the semi-tan- 
gent of 80®, of 70**, &c. So also in the equatorial projection {Jig. 
14), the line of Secants gives the radii of the oblique circles EF^H, ^^' 
EF"Hi &c. (15), and pn the line of tangents we have the distances 
of their centres respectively from the centre of the primitive (14). 
These same lines serve also to find the distances of the centres and 
the radii of the projected parallels 10 a 10, 20 a* 20, &c. (18). 

The line of longitude, placed by the side of a line of chords in- 
verted, shows the length of a degree of longitude in different lati- 
tudes. Let the two meridians PJBP', PqF {jig. 18), be inclined to F>ff- ^*- 
each other one degree, or, in other words, let the arcs Q£f, Kly &c.« 
be each one degree of their respective parallels. The lengths of these 
arcs are to each other as their radii CJ?, Lly &c. If, therefore^ 
CE be divided into 60 equal parts, the perpendiculars from My J, R^ 
&ct.,upon CP, (being taken in the compasses, and applied to CE), will 
show the length of a degree in each of these latitudes, or, which 
amounts to the same thing, the divisions of CE, numbered from Cto 
Ey may be transferred, with the corresponding numbers, to the perpen- 
diculars above mentioned, by means of lines drawn through M, J, R, 
&c., parallel to CP, as in figure 96. The numbers against JIf, 1, R^ 
&C., will then show the length of a degree in the latitude of M, I,R, 
&c, respectively, and if these numbers be written on a scale of 
chords, (as that of JSP,) against the chord of EM, EI, ER, &c., re- 
spectively, the latitude of a place being given, we shall have, by 
inspection, the number of nautical miles contained in one degree of 
longitude at that distance from the equator. 

The lines of latitude, hours, and inclination of meridians, are em- 
ployed in the construction of dials. To give an example of the use of 
these lines, let c8,c' & Cfe- 96) be the meridian, c c' being the thick- Fig. 96. 
ness of the stile, and YI c f' VI the six o'clock hour line. From the line 
of latitudes, take the extent from the beginning of the line to the divis- 
ion corresponding to the latitude of the place for which the dial is to be 
made, and set it off from c to m, and from c' to m'. From the points m» 
m*, draw the lines miitm' n\ each equal to the whole length MJ^of the. 
line of hours, and terminating in the meridian line at n, n'. Transfer 
the divisions of the line of hours to the lines m n, m' n', numbering 
them, as in the figure. From the points c, c', draw the lines cl, c II, 
&c., e' XI, e' X, &c., and these will be the lines of the dial. 

To show the truth of this construction, let the latitude for which 
the dial is made be equal to the number of degrees in the arc dp. 
Then letting fall the perpendicular p 9, and drawing through the 

^M,Jif &c..y are supposed in this case to be in the meridian jEP. 
Top. 17 
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point jT the line .if ^ n ^^^ joining Br, we shall have the triangle 
AB r equal, in all respects, to men, namely, ^B or •ftTJV* sa m n, ^ r «=» 
cm,&c. Whence 

Radius : sin lot. : : AC : Cq 

: : Jir : jBr, 
consequently 

Radius : sin lot, : : nc : cm. 
Let Jibe the point in which one of the hour lines, as IV P. M., for 
example, meets mn. On the VI o'clock hour line take c R equal to 
c n ; join n R, and through ^draw KHL parallel to c J2, meeting the 
meridian in A*, and the line n jR in L ; and join c L. Now because 
R n and m n are similarly divided at L and H (Qeom. 196), and m H 
Hn, are respectively equal to .WIV, IV JV*, R n, and .WiV, are similarly 
divided at L and IV. But the triangles Ren and JV CJV are mani- 
festly similar ; consequently the angle nc £is equal to the angle 
JV*C IV, and therefore equal to the angle described by the sun 
between noon and IV o'clock P. M. 

Now LKqv n K : HK : : tang A*c L or tang neL : tang ncH. 
But n jS* : JEfA* ii ne : cm 

; : rad : sin lot. 
Accordingly 

Rad. : sin lat. : : tang hor. ang. : tang ncEt, 

whence 

tang n Ci£r=: sin lat, tang hor» ang* 

Therefore the angle which the line He or IV c makes with the 
meridian is of the required magnitude (39). In like manner the 
other hour lines may be shown to be dr^wn according to the formula 
above referred to. 

To construct a vertical south dial, we have only to take the com- 
plement of the latitude instead of the latitude, and it is evident, that 
by proceeding- in the manner above pointed out, we should have for 
the result 

tang jETc n = cos laU tang kor. ang* 
which agrees with the formula for a vertical south dial (4d). 

The line of inclination of meridians, it will be observed, is con- 
structed like the line of hours, except that the angles are expressed 
in d^rees instead of hours and quarters. It indicates the angles 
made by the intersections of the planes of the meridians witii the 
plane of the dial, and may be used like the line of hours, as will be 
sufficiently evident from what has been siaid above. 

When a dial has been constructed by means of the lines on a plane 
scale, the stile is to be made, and the dial is to be placed, according to 
the directions already given (40 &c.). 
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Of the Stdor. 

Ths sector consists of two arms or radii moveable about a centre. 
It contains, beside the lines above describedt, double sets of lines of 
the following denominations, namely, 

1 . . . Lines or equal parts, marked 

2 . . . Chords, • « • • 

3 « . • Sines, «... 

4 . • • Tangents to 45^ . 

5 • • . Secants, • • . . 

6 . • • Tangents above 45% • 

7 . . . Polygons, .... 
These lines diverge from the centre of the axis about which the 

arms of the sector turn. The lines of chords, sines, and tangents 
to 45% have the same radius, so that the chord of 60% the sine of 90^, 
and the tangent of 45% are equal to each other, and each equal to ten 
divisions on the line of lines. This common radius is nearly equal 
to the length of the instrument when closed. The line of tangents 
above 45** and that of secants, have each for its radius, one fourth of 
the above, and are continued to about 76^. The line of polygons is 
placed upon the inner edge of each arm of the sector, beginning with 
4, and extending backward or toward the centre to 12. 

The use of the sector depends upon the proportionality of the sides 
of similar triangles. Thus, let AB (fig. 98) be equal to«dC, and JSib to pig.gs. 
•9 c, and we shall have (Gfeom. 202) 

JiB : BC II Ah i be. 
Therefore whatever part .^ 6 is of AB, the same is 5 c of BC* If Ah 
be a chord, sine, or tangent to JiB as radius, b c will be the same to 
BCbs radius. The use of this instrument will be best understood by 
a few examples. 

1. To divide a given line into any number of equal parts, as nine 
for instance. Take the length ^ the ^ven line in the compasses, 
and open the sector till the distance between 9 and 9 on the two 
lines of equal parts is equal to the above extent T%en the trans- 
versett distance between 1 and 1 will be one ninth of the given 
line. 

2. It is proposed to represent a field 140 poles in length, oa a ^an 
that shall be just 6 inches in its greatest extent If we make the 

f The small sectors of six inches do not contain all of the above tines. 

f)- An extent from one point to another point on the same line 2b called a 
liUtfraMistance, and the extent between twotcorrei^ondiiig points of lines of 
the same kmd is called a »rawtfer$e distance. 
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transverse distftnce on the lines of equal parts between T and 7, or 70 
and 70, equal to half of 6 inches, we shall have in the transverse 
distances between corresponding numbers on these lines, a scale of 
equal parts of the required magnitude. 

It is evident, moreover, from the nature of similar triangles, that 
many other questions may be solved by the above lines, as the find- 
ing of third proportionals, fourth proportionals, mean proportionals, 
&c. {Geom. QST, &c.) 

By means of the lines of chords, sines, tangents, and secants we 
may form scales adapted to any radius less than the length of the 
sextor when open. If it were required, for example, to measure the 
Fig. 21. arc of a circle already drawn, as JiB {Jig. 21), or to lay off any num- 
ber of degrees on this arc ; taking in ti)e compasses, the radius of this 
arc sss^d and opening the sector till the length of this line extends 
from 60 to 60 on the line of chords, or from 90 to 90 on the line of 
sines, or from 45 to 45 on the line of tangents, (each requiring the 
same opening), we shall have a scale of each of these lines adapted to 
the radius of the given arc, and the number of degrees in JiB is 
found, by applying the chord of JiB to the line of chords, or the sine 
of •AB a BFs to the line of sines, or the tangent of JiB a dB\ to 
the line of tangents ; also any number of degrees may be laid off on 
JiB by means of the same lines. 

In using the line of chords, if the arc to be measured or to be laid 
off, exceed 60**, we may first measure or lay off 60**, and then the re- 
mainder ; if it exceed 120% we may take 60** twice, and proceed with 
the remainder as with an original arc of this magnitude. 

If we have occasion to employ a tangent of more than 45^, we 
make use of the second line of tangents, the radius of which is one 
fourth of that of the first, and equal to that of the line of secants. 

Suppose it were required to make a stereographic projection of the 
sphere uj)on the plane of the meridian, similar to figure 14, the radius 
of the primitive being given equal to two inches. We open the sector 
till the transverse distance between and on the line of secants, or 
between 45 and 45 on the second line of tangents, is equal to two in- 
ches. We then take for the radii of the several meridians to be pro- 
jected, the secants of their inclinations respectively, and for the dis- 
tance of their centres from the centre of the primitive, the tangents 
of these same inclinations, and in projecting the parallels of latitude, 
we take for their radii the tangents of their polar distances, and for 
the distance of their centres, the secants of these same distances. 

The line of polygons is a line of chords of |, \, \, &c., part of 360**. 

It is used to inscribe a regular polygon in a circle* Let it be propos- 

' td, for example, to inscribe in a given circle a regular polygon of 8 
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sides. Open the sector till the. transverse distance between 6 and 6» 
(answering to the chord, of 60^ on the two lines), is equal to the giv- 
en radius, then the transverse distance between 8 and 8 will be the 
chord of the 8th part of the given circle, or the side of an inscribed 
octagon. In like manner a polygon of any other number of sides 
not exceeding 1% may be inscribed in a circle whose radius is known. 
iSo also when the polygon to be constructed has one side given, by 
reversing the above process, we can find the radius of the circle in 
which this line can be inscribed the given number of time^. Take 
the given line in the compasses, and open the sector till the trans- 
verse distance between 5 and 5, for example, if the required figure be 
a pentagon, be equal to this extent ; then the distance between 6 and 
6 will be the radius of a circle, in which* the given line will make 
one side of a regular inscribed pentagon. 

Of Chinter^s Scale. 

GuNTEu's scale, commonly of two feet in length, contains on one 
side the lines of the plane scale, already described, and on the other 
corresponding logarithmic linest. 

The line of numbers, marked JViim. or JV*., on which most of the 
others depend, is constructed thus. Let a line, equal to half the 
length of the proposed scale, be divided into 1000 equal parts ; then, 
since the logarithm of 1 is 0, the distance of 1 from the beginning 
of the line is 0, that is, 1 stands at the beginning of the line. And, 
because the logarithm of 2 is 0^301, when the logarithm of 10 is 1, 
or, which is the same thing, the logarithm of 2 is 301, when the loga- 
rithm of 10 is 1000. Therefore the distance between 1 and £is 301 
equal parts of the above scale. For the logarithm of 3 we take 477 
of the same parts, and set it from 1 to 3 ; for the logarithm of 4, 602 
parts, and so on, the numbers being taken from a common table of 
logarithms, but extending only to three places instead of five or sev- 
en. The primary divisions being thus formed, the intermediate divi- 
sions are obtained in a similar manner, by taking the logarithms of the 
intermediate numbers. Thus the logarithm of 1,1 is 41, the loga- 
rithm of 1,2 is 79, and so on. These numbers being set off in order 
from 1 will divide the primary division into ten parts. The other 
primary divisiohs^are subdivided in a similar manner. • 

The line of sines is constructed by taking from the same scale of 
equal parts, the arithmetical complements of the logarithmic sines, as 



f There are usually seyeral of these lines on the small scales of six Inches, 
namely, the liise of numj>ers, xnd those of sines and tangents. 
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found in the common table, and setting them off from 90 backward 
or toward the left hand. A similar method is observed in the con- 
struction of the other lines. 

There is moreover a line of meridional parts, marked Meir. or.^, 
placed directly over a line of equal parts with which it is used. The 
line of equal parts is numbered 0, 10, SO, &c., from the right hand to 
the lefi:. Bach of these lai^e divisions represents 10 degrees of the 
equator or GOO nautical miles. The first of these divisions is some- 
times divided into 40 equal parts, estch representing 15 miles or 15'. 

This line is constructed thus. Take the meridional parts c<HTe8- 
ponding to the several degrees of latitude from a table of meridional 
parts, and reduce them to degrees by dividing by 60. Take the quo- 
tients thus obtained, from {he scale of equal parts, connected with the 
line to be constructed, and set them on this line from the right hand 
toward the left. 

The extent from the brass pin on the line of meridional parts to 
any division on this line, applied to the line of equal parts, will give in 
degrees, the meridional parts answering to the latitude of that divi- 
sion. The extent from one division to another on the line of merid- 
ional parts, applied to the line of equal parts, will give the meridio- 
nal difference of latitude between the two places denoted by the two 
divisions. This meridional difference is reduced to leagues by multi- 
plying by 20, or to miles by multiplying by 60. 

Problems in trigonometry may be solved by the double lines of the 
Fig. 28. sector. Thus, in the question of art. 49 (fig- 28), having the angle 
n » SI**, and D^B = 15°, and the side BB = 100 yards, we take 
half t of 100 on the line of lines, and open the sector till tliis extent 
shall reach from 15° to 15° on the lines of sines, then the sine of 51°, 
taken as a transverse distance and applied to the same scale of lines, 
will give half of ^B as 99|. Open the sector till the distance 99| 
shall extend from 90° to 90° on the lines of sines, and the sine «rf 
46®, taken as a transverse distance and applied to the line of lines, 
will give 71^, the double of which, 143, is the height required •flC 

It will be readily seen that the above operation amounts to a geo- 
metrical construction, in which one of the sides is made the sine of 
its opposite angle. 

A similar, result maybe obtained by logarithms, taken from the 
tables (49), or by the logarithmic lines on Gunter's scale. 



f There are many cases in which it is convenient to take a certain part of 
the given side or sides, which need occasion no embarrassment, since all the 
aides may be considered as diminished in the same proportion without altera 
tng the angles {Gtwa. 305). 
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Corresponding to the geometrical proportion^ or propulsion by 
quotients, 

sin 15® : sin 3V : : 100 : 199, 
we have the arithmetical proportion, or eqnidifference* 

log. sin 15^" . log. sin SP : : l^. 100 . log. 199. 
Accordingly, if we apply the compasses on the line of logaritiiatc' 
sines from 15^ to 31®, this extent will reach on the line ^ numbers 
from 100 to the term sought 199. 

In like manner for the second solution of the article above referred 
to, the extent from 90<^ to 46o oh the line of logarithmic sines, will 
reach from 199 to 143 on the line of numbers. 

It is hardly necessary to observe, that when the first extent is tak- 
■en progressively, or from a less to a greater, the second is also to be 
taken progressively, and vice versat* It is equally obvious, that» . 
when the proportion happens to present itself in such a form, that 
the fir^t two terms are of a different nature, that is, one a side and 
the other an angle, and also the last two, the two middle terms may 
always be made to change places. Such a change is supposed in the 
second of the above examples. 

In the case of spherical triangles, the sides being expressed in de- 
grees as well as the angles, the four terms may all be considered as 
of the same kind, even though some are expressed by their tan- 
gents and others by their sines, it being observed always, where a 
cosine or cotangent occurs^ to take the sine and tangent of the com- 
plement respectively. 

In the first problem of the chapter on nautical astronomy, if we 
open the compasses from 23® 58' to 90®, or the extremity of radius, 
on the line of logarithmic sines, this extent will reach on the same 
line, and in the same direction, from 12® 1^' to 32® 03'. So also in 
the second problem, the portion of the line of tangents from 45® to 
the tangent of the complement of 23® 58^, will extend from 12® 12' 
on the same line to a point opposite to 29® 52' on the line of sines. 

We have indicated a method of solving plane triangles by geomet- 
rical construction (7B). Spherical triangles, in like manner, admit of 
being represented and of having their unknown parts determined in- 
dependently of calculation. 

From the manner in which ^T© (fig' 50) is constructed, it Fig. 50. 
will be observed, that the three given parts of i^ SP , are such as they 
would appear to be to an eye situated in the surface of the sphere 



f Regard however is to be paid to the circumstance of tlie tiuogent beyond 
4BP being (coutinued back on the same line. 



ISO JVbf^. 

on which thej are supposed to be delineated. Moreover the parts re- 
quired V0, SP.^, are faithfully represented according to the same 
method of projection. Consequently, if from the point JST or S^ the 
poles of JS ^ we draw straight lines through A and T> meeting the 
primitive, the arc of the primitive, thus intercepted, will be the true 
measure of -IT ^30^. The number of degrees in V0 is found 
in a similar manner. 

The same rule will apply where the required side is a portion of 

Fig. 57. *^ oblique circle, as JV* C (Jig. 57), that is, we first find the pole P, 

of the oblique circle n C mt, and from this point we draw lines 

through the extremities of the required arc to the primitive, and the 

number of degrees, thus intercepted, will be the measure sought. 

If the required part be an angle, we have only to draw from the 
. vertex of this angle, through the poles of the containing sides, two 
straight lines meeting the primitive, and the arc thus intercepted 
will be the measure of the proposed angle. 



II. 



Instruments for measuring leng^* 

1. The instrument most commonly used, for determining dis- 
tances, especially in surveying, is the chain. It is ordinarily four 
rods, or twenty two yards in length, and is divided into one hundred 
links. Each link therefore is ^^ of a yard, -^ of a foot, or 7,92 
inches. 

The manner of using the chain is very obvious. Ten small ar^ 
rows being provided, two persons, called the leader and the follower, 
apply the chain successively along the line to be measured, the lead- 
er putting down an arrow at the termination of each chain's length, 
which is taken up by the follower, being employed both as a mark 
for placing the chain, and as a tally to show the number of times it is 
" ■ , ■■ ■■ I ■■ • ■ ■ ■■ ■ .. ... ■ . ■ ■ , 

f The projected pole P of any oblique circle n C m is always in Vf S 
drawn at right angles to n tn, and its distance ^ P from T, the centre of 
the primitive, is equal to the tangent of half the distance of its pole from the 
pole of the primitive, or, which is the same thing, half the inclination of the 
oblique circle to the primitive (12) ; hence, if a straight line n T, be diawn 
meeting the primitive in L, and from X we take X M equal to 90^, tlie line 
joining ti, Jkt, will pass through P, the pole of n C m. 



InArummtBfoT measuring lengths* 1 sr 

in any required distance. One or more pickets or station -staves are 
set up as a guide to the chain-men to prevent any lateral deviation 
from a direct course. In surveying, an allowance is made for the 
oblique position of lines to the horizon^ especially where the inclina- 
tion is considerable. 

Where great accuracy is required* distances are often measured in 
yards, or in feet and inches. In this case graduated rods, or poles, or 
measuring tapes, are used. In levelling, two staves (Jig. 99^, are em- Fig. SO 
ployed, divided into inches and tenths, each staff consisting of two 
pieces that slide the one upon the other, so as to rise to the height of ^ 
ten or twelve feet when extended. A signal or target, having a 
white stripe upon a black ground, to render it conspicuous at a dis- 
tance, is attached to each staff in such a manner as to adhere to any 
part of its length, and thus to point out the elevation of the horizon- 
tal line, or line of sight of the levelling instrument, above the ground. 

Extensive routes are often measured by means of a wheel (fig, 100^ 
one half of a rod in circumference, so connected with a dial by me- 
chanism, that the number of miles, furlongs, &c., are shown by in-^ 
dexes. It is sometimes attached to carriages, and is very conven- 
ient for-measuring roads and lines of great extent, but is not generally 
so accurate as the chain. It is called a perambtUator or way 
wiser. 

Distances in navigation are estimated by the log (fg, 101^. This in- Fig 10} 
strument consists of a line attached to a thin sectoral piece of wood 
of about four or five inches radius. By means of a strip of lead 
fastened to the arc, it is made to float in a vertical position, about 
two thirds being immersed in the water. Upon being thrown into 
the sea, therefore, while the ship is under weigh, it will remain near- 
ly stationary, and the quantity of line drawn freely from a reel on 
which it is wound, will show how far the ship has sailed during the 
time employed in this experiment It is usual to take half a minute, , 
as measured by a half minute glass. The length of line run off in 
this time^ multiplied by 120, will accordingly give the rate per hour, on 
the supposition that the motion has been uniform. But instead of pro- 
ceeding thus, the practice of seamen is to divide the line into portions* 
called knots, that bear the same proportion to a nautical mile that a 
half minute bears to an hour. Then the number of these knots run 
off in a half minute will show directly the rate of the ship's sailing 
per hour. 

T^. 18 
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III. 



Of the teveUing instrumeni and instruinents far measuring angles. 

1. The essential part of the most approved instruments employed in 
leTelling, is a glass tube, filled with ether or spirits of wine, except a 
small portion containing air. The bore of the tube being straight or 
very slightly curved upward, it is obvious that the bubble of air, on 
account of its tendency to the highest point, will remain in the mid- 
dle only when the two ends of the tube are on a level. If there- 
fore a pair of sights, or small holes in a brass plate, be made to range 
on aline parallel to the two endsoPa spirit-level, constructed as 
above described, it is evident that these sights will be horizontal, 
when the air-bubble occupies the middle of the tube. Instead of 
plain sights, a small telescope, a foot and a half or two feet in length* 
is often employed. This enables the observer to see to a greater 
distance and with more distinctness. 

The use of the levelling instrument is very simple. Being adjust- 
ed, and the levelling staves being placed, one on each side by two 
assistants, in the direction of the route where the difference of level 
Fig. 103 is to be found (JigAO^), the instrument is successively turned to each of 
the levelling staves, and the distance of the line of apparent level, from 
the ground in each direction noted in two columns under the title of 
fore and back observations. The instrument with the back staff is now 
moved forward, the fore statt remaining, and the same process is 
repeated successively, till the extreme parts of the proposed route 
are connected together. Then the difference between the sum of 
the fore observations and that of the back observations will be the 
difference of level required nearly. 

It will be perceived that, in the foregoing method, if the instru- 
ment be nearly in the middle between the two levelling staves at 
each station, no correction is necessary for refraction, or for the curva- 
ture of the earth's surface, since the error in one direction compen- 
sates for the error in the other. Where great accuracy is required, 
or where there is a great difference on the whole between the fore 
and back distances, from the instrument to the levelling staves, it be* 
comes necessary to measure these distances and to apply a correction 
for the inequality, 
li'ig. 103 2* The mariner^g compass (fig. lOS) is used to trace a route through a 
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Wood, and to find the bearings of roads, the boundaries of fields, fcc.; 
bot it is particularij important in navigation, as it serves to iifdicaie 
the course of a ship in the readiest and most conrenient manner with- 
but the aid of the snn or stars. It consists principally of a ma^etic 
needle attached to a circular card, the circumference, of Ivhich is 
divided into 32 equal parts called points, and each point is subdi* 
vided into four parts called quarters. The line on which a ship 
ta»Is, 88 ijiditated by the compass, is called a rhumb line, and its 
pontion is denoted by the angle which it makes \rith the meridian, 
expressed ordinarily in points and quarter points, but which may 
al^obe expressed in degrees and minutes, by allowing 11^ 15' to a 
fKnnt) and using the same proportion for a smaller quantity. 

The denominations for the several points of the compass, in an 
abbreviated form, may be seen in the figare. 

It is to be carefully observed that the magnetic needle does not 
t)otnt exactly north and south, except in certain particular places. 
Allowance therefore is to be made in almost ail cases for this devia- 
tion, called the variation or dedination of the magnetic needle, and 
this allowance is different in different places, and at different times in 
the same place^ It has been ascertained by observation in the most fre- 
quented parts of the earth, and put down in charts for the use of sea- 
men, and the change from year to year is for the most part hot Sb great 
as to require to be attended to, till after the lapse of a considerable 

period. 

3. A theodolite (jig. 104j, contains, beside a compass, a horitKoitta) Fig. 104 

circle and a vertical arc, each divided so as to measure degrees and 

minutes. It is also provided with telescopic sights and a spirit level 

for the proper a(\justment of the above graduated limbs, and is tlitts 

capable of being used as a levelling instrument It is partieularly 

adapted to measure the angles used in surveying, and in* the 

mensuration of heights and distances, and is occasionally employed 

for astronomical purposes. 

If we suppose an instrument ,supported like the above, and proiHd- 
ed only with a magnetic needle, a pair of plain sights, and a horizon- 
tal arch of 180% this would be a semicircle. It is irften used in 
surveying. •- 

If the instrument have only a pair of sights and a compass box» 
divided into d^rees, as well as into points, &c., it will still answer 
the purpose of measuring angles in a field* We have only ia this 
case to determine the bearing of each of the sides containing tbe re- 
quired angle, and to subtract the leas from the greater. The differ- 
ence will obviously be the angle sought. An instrument so eon- 
structed is called a circumfermtor. 



140 A<rff5. 

fig. 105 Sometimes a simple table, (fig* 105), covered witii a sheet of |Aper, i§ 
placed successively at the several corners of a fields and bj means of a 
rale supporting two sights, the actual angles are liEiid down upon the 
paper, and a plan of the field is drawn on the spot. This is called 
a^bin tahk. It is usually provided with a magnetic needle and a 
scale of equal parts. 

4. The quadrant of reflection^ commonly called HaMey^^ quadrant, 
represented in figure 106, is fitted to measure not only bon^umtal and 
vertical angles, but such as have their planes inclined in any manner 
whatever to the horizon. It is particularly useful at sea, where the 
motion of the ship prevents the use of instruments in which the 
plumb-line, or spint-level are employed. The angular distance be- 
tween two objects, as between the sun's limb and the horizon, be- 
• tween two stars, or between two station-staves on the surface of the 
earth is determined in the following manner. The instrument is so 
constructed, by means of two mirrors a, 6, one of which is attached 
to the moveable index /, as to admit of the observer's seeing one of 
the given objects, the sun's lower limb for instance, directly and by 
reflection, at the same time. If now, the image and object thus 
coinciding, the index, carrying one of the mirrors, be moved for- 
ward« till the image of the sun's limb be brought to the horizon^ or 
surface of the sea, the arc described by the index, according to a 
well known principle in optics, will be just half the anc described by 
the reflected image. We have only therefore to double the above arc , 
described by the index, or, which comes to the same thing, in the gra- 
duation of the arc Ji B, to call half degrees degrees, &c., and 
then the angle may be read off in the usual way. An eighth part of 
a circle is thus made to measure ninety degrees, and where there is 
occasion to measure a larger angle, as in taking the distance of the 
moon from the sun or a star, for the purpose of finding the longitude, 
the graduated limb is extended to sixty degrees, and is accordingly 
adapted to the measurement of angles of one hundred and twenty 
degrees. So constructed, the instrument is called a sextant. It is 
usually made with more care than the quadrant, and furnished with 
idescopic sights, and with magnifiers for reading off the divisions. 

The sextant is sometimes made with a radius of only two or three 
inches, to be used in surveying and engineering, instead of the less 
portable instruments above described. It is usually enclosed in a 
box, and called a boa? or pocket $ejctant. 

Finally, the graduated arc is enlarged to an entire circumference, 
and the mirrors so disposed as to admit of the measurement of the 
angle being repeated continually; then the sum of all the angles 
being divided by the number of observations, we obtain a result 
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more to be feKed on, than a single observation, since it is in a degree 
freed from certain errors in the construction and adyustment of the 
inateameBt that have hitherto been found unavoidable. 

We have attempted to give the learner only some general notio^i 
6i the leading properties of the foregoing instruments* More 
may be learned by a few Ainutes' actual inspection, than by the most 
ext^uled and laboured description. The more minute details relat- 
ing to the history of these inventions, their construction, adjustment, 
and use, are left to the teacher, who, with the aid of the instrument 
itself instead of a drawing, will be much better able to give tke ne« \ 

cessary information. 



IV. 

« 
InvesHgation of the expressions for ^e sine and cosine of an are 

made use of in article 179. 

Radius being supposed equal to 1, we have the equation 
cos d* *f 9in«<S* as 1, the first member of which may be regarded as 
the product of the two imaginary factors cos A -f v^Zl sin J and 
!C08 Ji — y^~L sin J^ If we multiply together the two similar factors, 
cos A + y/^ sin Ay cos B + s/^\ sin 5, the product will be 

cos A cos ^ — sin .i sin ^ + (sin A co^ B + sin B cos A) \/IIi 
This reduces itself to the form 

cos {A + B) + y/i:\ sin (^ + B) 
which is similar to each of the factors. We have, therefore^ as a 
general result 

(cos A + y/ZI\ sin A) (cos B + y/lli sin B) = cos {A + IB) 
+ y/~\ sin (^ + «) ; 

and it is remarkable that quantities of this kind are multiplied 
together by simply adding the arcs, which is a property analogous to 
that of logarithms. Whence 

(cos A + y/~\ sin A) (cos ^^^^ v^^ sin ^) = cos 2 *f + -y/^sin 2 A 
(cos,/i+ v/^l sin A) (cos 2 j}+ v/~i sin 2 wJ)=C08 S •5+-v/— i »»» 3 A 
(cos^+ V'^ sin •*) (cos 3 •*+ ^I-i sin 3 A) =cos 4 A-^-^ZIi sin 4 A 
&c. 

The first product is equal to (cos A + v^^ITT sin ^)», the second 
to (cos A + >/^^ sin ^)', and so on. Therefore, in general, n being 
«qual to any entire number whatever, we have 

(cos A + v^ZT sin A)^ » cos n «/9 + >/IIT sin nA 
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from which is derived by changing the agn of ^T^t 

(cos J— -;/— ^ 8in ^iSr)* = COS « .a — -v/tTi sin n A 
From these two equations, which are a consequence the one of tbi 
other, we deduce the separate values of sin n A and cos n •« ; thus^ 
' co8n,«*«(cosJl + v^=TsinJ)*— ^/TTsintt^tf, 
cosnJ«(co8,a— ^/— 1 sin t^* + v^ZTT sin n ^, 

Whence 
2 cos n ^ «i» (cos A + v^=T sin .4)« + (cos A — ^/^T sin Jt)\ 

or ^ 

cosnw}«=jCco8^ + >/=nfsin^)« + ^(c08^^v'-i ^^^^ 

In like manner we obtain 

2 -v/^n sinn^tf = (cos J + ^~\ sin J}«— (cos^— ^/— i mn^)» 

or 

Sinn J«.^r4= (cos ^ + ^/=1 sin .tf)" — ^— == (cos ^— ^/irfsin ^. 

2y/_-l ^ ^V— 1 

In order to express these same quantities in a series, it is neces- 
sarj to develope, by . the biuomiai formula, (cos A + \/^^ si^ •^)"' 
wldch will give 

cos wJ* + Y cos •5«-i sin A y/~\ — ^ '^~^ (cos ^-» sin A* 
1.2.3 
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cos .a*-* sin ^^ + &c. 
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This quantity being the value of cos n -tf + ^/— i sin n A if we put 
the real part equal to cos n A, and the imaginary part to ^ — i sin n A 
we shall have cos n .d =» 

^j^^n:n^^^,in^'+^^^^=^£=^ cos .fl— sin Jl* 

&c. Also by multiplying the same two equal expressions by -v/ITT, 

and putting their real part equal to sin n A, and the imi^nary part 
to -v/inr cos n At we find 

sinn^ « - cosA^'^ sin A ^ ^^^ cos ^«-«sin ^» + &c 

By means of these series, the law of which will be easily perceiYcd, 
the sine and cosine of an arc, the multiple of A, may be obtained in 
a manner more expeditious than by the method heretofore given. 
CTrig'. 11, &c.) 

These series admit of the form exhibited below, it being recol- 
lected that sin A = cos A tang A {Trig. 8.) 

cos n ^ « cos ^« — -f"7 cos A"" tang A^ 
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+ ^ o c> A ^8 •«• tang •«♦ — &c- 



tC08 



1.2.3.4 

n.n — 1, ^^ . n.n — l.n— 2.n — S, 



cos 



•m n .d =s cos *^« ( -- tang A tang 4^ + ^c. ) 

Let n Bs •^. Then, by substituting this value, still retaining the 

factor cos •^", we shall have cos or » 

a^ I ^ ar.a^— ^tanffii* . x.x-^A.x — 9.A .x — %A\xsixA^ . \ 

•^ (* CF— ^+ TTITsn |r— &C.; 

In these formulas A may be taken of any magnitude we please* 

Suppose A very small, and we shall have — ^ — but Utile different 

from unity, since the tangent of a very small arc is nearly equal to 
this arc. Still, while the arc is greater than 0, tang A^ A* or 

— J— <[ 1 ; we have at the same time A^ sin .5** ; therefore — |— 

•M A 

<! . „> or — I— •< ^. Whence it will be seen that the ratio 

^ sin 4 w3 ^ cos^/i 

— ^ — is always comprehended between the limits 1 and — -j. Let 
.«/9.ss 0, and we have cos At=^\. Therefore, since — -j — is compre- 
hended between 1 and — -j, it follows that we must have precisely 
— ~— =5 1. Hence, by making •J » 0, the above formulas become 

Sin :r = COS J» (ar - j^ + j-^^-5-5 - &c) 

It remains to see what is the value of cos A^^ when A diminishes 
more and more, till it finally become zero. Now we have 

* AW (Jig. 21) is greater tban v^B, because the triangle is* to the sector 
ACB II AB' y. ^AC ', AB y^^AC II AW I SB (Geom. 290.; 

** MB is greater thao BP because the half of any arc is greater than half it* 
ehord (Geom. 283.) 



-Ij, « sec dJf f 1V%. 29; as 1 + tang^«, 

ivhence 

^ 1 

cos JS. =» ^ . . . ^a \ 4-t 
(1+tang,^*)* 

and accordingly 

Substituting for n its value -^ we have 

,.«.j»« 1 a? ^ tangvi* ,x .x+ZA a, tang ^^ 

If n^w we suppose JSt to diminish more and more, ae remidning the 
same, the value of cos A*^ will approach nearer and nearer to unity, 

till upon making JissO, and — |- » 1, we shall obtain exactly 

•of 

cos «tf * a 1 . We have therefore the following formulas ; 

'^""^"^"TTi + 1.2.3, 4 ~ 1. 8.3.4.5.6 + *"- 

which, when a? ss— , become 

COS - a 1 -—- +-———-—- &C., 

r 2r* 2.3.4r* 

. a a a' , p 

Sm asf — ^ ^ - + &c. 

r r 2,3r* 
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^OKTAliaNG liO^A&ITHMIC AND OTHER TiLBX.CS> 



Table of Ji&ridianal parif* 

The construction and use of this table have been already expluned 
if S8, 71)^ It is only necessary to observe, therefore, that the degrees 
and minutes of any given latitude being found in the two first col- 
umes, we shall have on the same line in the column marked Leng* 
the l^^;th fif the cerrespondiig line on Mercator's chart 

TMe of Jhtronomical Sefractions. 

This table contains the mean astronomical refractions for every 
degree of altitude ^nt zenith distaiice, with the corresponding varia* 
tions for ^ of an inch of the barometer, and 20^ of Fahrenheit's 
thermometer. The following example will sufficiently illustrate th€ 
use of this table, it being recollected that the refraction is increased 
by cold and by greater density, and diminished by heat and by great- 
er rarity. Let the refraction be required, when the zenith distance 
or complement of the altitude is 25^ 20^ and the barometer at 29A 
and Fahrenheit's thermometer at 60®. The refraction corresponding 
to 25° 2^0', is 27'^',0. The variation for ^ of an inch of the barometer, 
i8 0'^8;and therefore tfie variation for -j^ will be — 0^,4, with the 
sign — , since the barometer is lower than in the Table* The variation 
for SQo of Fahrenheit, is l",S ; and therefore the viariation for 5^ is + 
0",S, with the sign +, since the thennometer is higher than in the 
Table. The refraction consequently is 2r".0— 0"4+0"3=s26"9. 

Tabk of Natural Sines. 

This table contains the natural sine and cosine of every minute of 
the quadrant, constructed according to the methods furnished by trig- 
onometry (Trig. 20;, radius being 100000. 

Top. 19 
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It is eyident that these numbers may be readily adapted to anj 
other radius. By supposing, for instance, a radius equal to 1, or one 
hundred thousandth part of the radias of the tables, we have only 
to reduce the numbers expressing the sines and cosines in the same 
proportion, that is, to divide them by 100000, or to separate the five 
right hand figures for decimals, and we have the value of the sines and 
cosines belonging to a circle whose radius is unity. 

It will be seen that the same column is marked at one extremity 
JV*. sine and at the other J\r. cos. This is done for the sake of 
abbreviating the table. Every number, which expresses the sine of an 
arc, denoting also the cosine of its complement, it would be super- 
fluous to repeat these numbers for the sole purpose of keeping the 
sines and cosines distinct. It will be observed therefore that the 
denominations at the tops of the columns correspond to the degrees 
at the top, taken in connexion with the minutes on the left; and that 
the denominations at the bottoms of the columns correspond to the de- 
grees at the bottom, taken in connexion with the minutes on the right. 

7}ible of the Logarithms of numbers. 

1. Tlie theory of logarithms and tlie method of obtaining them have 
been the subject of consideration (•^Ig. 2S8). It only remains there- • 
fore to point out the practical application of them to the solution of 
questions. 

Hie tables here employed contain the logarithms of numbers from 
one to ten thousand. On the first page of the table the column of 
numbers, marked JV, extends from 1 to 100, and against them in the 
same line on the right, are the entire logarithms, marked Log. 
Throughout the rest of the table only the fractional part of the loga- 
rithm is put down, as the integral part, or charactmstict may be readily 
supplied, it being recollected that it always contains as many units 
wanting one as there are figures in the given number (Jilg. ^45). 

2. If the number whose logarithm is sought be between 100 and 1000, 
it is to be looked for in the first column of the table intitled JSTo,, and 
tlie fractional part of the corresponding logarithm will be found on 
the same line in the second column. Of numbers between 1000 and 
10000 the three first figures are to be sought in the first column, and 
the fourth figure in the upper line but one, and the corresponding 
logarithm will be found on the line of the three first figures and direct- 
ly under the fourth. 

3. If the given number exceed 10000, consider the first four fig- 
ures on the left as a whole number, and the remaining figures as 
decimals. Find the logarithm of the number so reduced, l^y using a 
.proportion for the decimal part, and then restore the original value 
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of the giyen number, by adding to the characteristic as many units 
as there are figures in the part cut off for decimals. Thus, to find 
the logarithim of 21598, for instance, I separate by a comma the four 
first figures on the left, which gives 2159,8. The log. of this number 
will consequently fall between the log. of 2159 or 3,33425, and 
that of 2160 or 3,33445. Now the difference between the loga- 
rithms of these tv/o numbers is 0,00020. Consequently, 

1 : 0,00020 : : 0,8 : 0,00016. 
Accordingly, if we add 0,00016 to 3,33425, the log. of 2169, we 
shall have the log. of 2159,8 equal to 3,33441. But the given num- 
ber is 21598 or 2159,8 X 10 ; we have therefore 

log. 21598 « log. (2159,8 X 10) = 3,33441 + 1 = 4,33441 ; 
Whence the reason of tlie rule is evident. 

4. To obtain the log. of a fractional number greater than unity, 
subtract the log. of the denominator from that of the numerator, 
and the remainder will express the log. required. Thus, 

log. 5||9 = 3,55011 — 1,39794 « 2,15217. 

log. 7^ = log. |4 = 1,90849 — 1,04139 = 0,86710. 

5. The log. of a fraction less than unity is susceptible of two dif- 
ferent forms. If it is desired that the log. should be entirely nega- 
tive, subtract the log. of the numerator from that of the denominator, 
and the remainder, affected with the sign — , will be the logarithm 
sought. Accordingly we have 

log- irh = — (3,55011 — 1,39794) « — 2,15217. 
Indeed the fraction ^If ^ may be considered as the quotient arising 
from the division of 1 by ^1^^ ; therefore, since the log. of a quotient 
is equal to the log. of the dividend minus the log. of the divisoi", we 
have 

== — log. 3|f» 

= — log. »!!»=« —(3,55011— 1,39794)=— 2,15217. 

6. If the characteristic only is required to be negative, add as many 
units to the log. of the numerator, as will suffice for subtracting the 
log. of the denominator from it ; perform this subtraction, and the 
decimal part of the remainder with a negative characteristic prefix- 
ed, equal to the difference between the units of the remainder and the 
units added to render the subtraction possible, will be the log. sought. 
If we add, in the above example, 7 units to the log. of 25 or 1,39794, 
we shall have 8,S9794. Subtracting from this the log. of 3549 or 
3,55011 we obtain for a remainder 4,84783. The decimal part of 
which 0,84783, with a characteristic 3, equal to the difference between 
the four units of the remainder and the 7 units added to make the 
subtraction possible, will be the require<L log. the characteristic of 
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M4iich onty ift n^litrTe. Logarithms itf this kind ftre didti^igiiiiAed faj 
placing the sign "— over the figure to be afifected by it, thus 3,84783. 

The reason of the process here pursued will be easily perceived. 
Since the log. of a fraction is equal to tiie log« of the numerator minus 
the log. of the denominator, if we add a number of units to the iog» 
of the numerator, the remainder will be just so much too great, and 
is accordingly to be diminished by the number of units added ; that 
is, in the above example, 4 is to be diminished by 7 ; but we can ac- 
tually take away only 4, and we indicate the remaining deduction 
by the expression *^ 3, according to the ordinary use of the sign 
minus. We should evidently arrive at the same result by adding any 
other number of units to the log, of the numerator. 

7- The log. of a decimal number, either greater or teas thaa oaity, 
might be obtained by finding the log. of its equivalent vulgar fraction. 
But it is more convenient to operate directly with the decimal num- 
ber, according to the following rules. 

In the case of a decimal number ^eater than umty« suppose 
the decimal point removed^ and proceed to find the lo^.. of the entire 
expression considered as a whole number. Then diminish the char- 
acteristic by as many units, as the proposed number contained deci- 
mal figures, and the result will be the log. required. Thus, 

Log. 21,598 = log. j^ » 4,33441 — 3 = 1,33441. 

This is agreeable to what has just been shown* See ab9 J%^ 246. 

8. The log. of a decimal number \e9» than unity admits q€ two 

forms. If ft is required te be entirely negative, the decimal point 

being suppressed, find the logarithm of the g^ven number, considered 

as a ^hole number, and subtract it from as many units as there are 

figures in the given decimaL Thus, 

456 
log. 0,000456 = log. Yo5q555 "* ^^^^^^ — 6 « ~ 3,34104^ 

9. If it were proposed that the characteristic only should ben^ative, 

find the log. of the given number, considered as a whole number, and 

the decimal part of this log. with a negative characteristic prefixed, 

equal to the number of ciphers which precede the first significant 

figure of the given decimal, will be the log. sought. Tkua, 

456 — 

log, 0,000456 = log. f5^555Q = 2,65896 — 6 « 4,65896. 

10. Having pointed out the method of obtaining from the table the 
log. of any given number, we proceed to show how to find a number 
answering to any given log. 

If the given log. is in the table, in ivhich case the characteftttic » 
0, 1, 2, or 3, the correspoi^tng number, the chacacteristic being lesft 
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JhaB $9 v31 %e fecRMl on the sanie line ift the colamti mnrked JV^^ ". 
If the diaracteristic exceed 3, fhe three first figares of the cor- 
respondiiig iiitiirf>er will be in the column marked M), and the fourth 
in the upper line but one directly over the giren' log. Thus the 
number belonging to the tog. 3,56573 is 3679. 

11. If the decimal paitof the given 1(^., the dharacteristie for 
instance being 3» cannot be found in the table, take the two loga- 
rithms, whicb are next greater and next less, and we shall have the 
proportion, as the difference of these two logarithms is to the diflfer- 
ence of the corresponding nutnbers, so is the differefice between the 
given log. and that which is nearest to it in the table, to the corres- 
ponding numerical difference. This numerical difference beii^ added 
to the number belonging to the above nearest log. or subtracted from 
it, according as the nearest log» is greater or less tiian the given log., 
we shall obtain the number sought. 

Th£ given log. we instance being 3,33441, the next greater log. 
found in the table is 3,33445, and ibe next less 3,33425, the differ- 
ence of which is 0,00020 ; the difference of the corresponding num- 
bers is 1, and the difference between the given log. 3,38441 and the 
one in the tahie nearest to it in value, 3,33445, is 0,OOOM. Whence 

0,00020 : 1 : : 0,00004 : 0,2. 
Accordingly, the nearest log. being greater than the given log., if we 
subtract 0,2 from the number 2160, belonging to the* nearest log.. 
3,33445, we shall have 2159,8 for the number answering to &e given 
log. 3,33441. 

12. if the chamdKtistic of flie given kg. be more than 3, subtract 
from it its excess above 3, and find, bj one of the above rules, the* 
number answering to the remainder ; if this number be entire, annex 
as many ciphers as there were units subtracted from the character- 
istic ; if the number be decimal, remove the decimal point as many 
figures to the right as there were units subtracted from the charac- 
teristic ; the result in each case will be the number answering to the 
given log* 

Let the ^ven log. be 7»56573 f subtratting 4 from the characteristic 
we have for the remainder 3,56573, the number corresponding to» 
which is 3679. Four ciphers being annexed to this gives 36790000^ 
for the number belonging to the log. 7^56573^ The reason may be 
briefly shown, thus, 

36790000 « 3679 X 10000, 
1%. 36790000 » log. 3679 -f J(%. 10000 

as 3,56573 + 4 = 7,56573 



150 Jppendix* 

Let the ^ven log. be 5,33441 ; 2 being subtracted from the char- 
acteristic leaves 3»35441, corresponding to which we have the num- 
ber 2159»8; the decimal point being removed two places gives 
215580 for the number answering to the log. 5,33441. 

13. When the given log. is wholly negative, subtract it from a 
number of units greater tiian the characteristic, and the number 
answering to this remainder, with as many ciphers prefixed as there 
are units in the characteristic of the given log., will \^ the decimal 
fraction to which the given log. belongs. 

Let the given log. be — 5,34104; subtracting this from 8 for 
instance, we shall have for a remainder 3,65896, which answer to the 
number 456 ; prefixing 5 ciphers we obtain 0,00000456 as the num- 
ber corresponding to the log. — 5,34104. 
The reason may be shown thus, 

0,00000456 s= 456 X 0,00000001 
and log. (456 X 0,00000001) =» 2,65896 + log. 0,00000001 

s 2,65896 — 8 
«s — 5,34104. 

14. If the characteristic only of the given log. be n^;ative, add a 
number of units greater than this characteristic, and the number 
belonging to the log. thus obtained with as many ciphers, wanting one, 
as there are units in the negative characteristic, will be the decimal 
fraction answering to the given log. 

Let the given log. be 6,65896. Adding 8 to this, we have for the 
sum 2,65896, to which the corresponding number is 456. Five 
ciphers being prefixed, gives 0,00000456 for the number required, 

appertaining to the log. 6,65896. 

The reason of the above process will appear from what is said 

above; since 2,65896 — 8 becomes 6,65896, instead of — 5,34104, 
when the fractional part is considered as positive, and the charac- 
teristic only is required tp be negative. 

15. It will be remarked that where a log. either wholly or in part 
negative is changed to one that is positive by the addition of a larger 
positive characteristic the resulting log. so obtained, may be made to 
have for its characteristic 0, 1, 2, 3, &c. at pleasure, and it is not 
always indifferent which of these be employed. 

If it were proposed, for example, to find the product of 2,745 
multiplied by 20,01, we should take the sum of the log. of these two 
factors, thus, 

log. 2,745 + log. 20,01 = 0,43854 + 1,30125 = 1,73979. 
if we seek directly the number to which this log. belongs, we shall 
obtain for the required product 54,92848. But the true product is 
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54,92745, The error, therefore, in this case is 103 hundred th<m- 
sandths. If now we add two to the characteristic of the above log., 
we shall find for the corresponding number 5492,750, which, being 
one hundred times too great on account of the above addition, will 
give for the required product 54,92750. The error, therefore, is 
reduced, by employing a larger characteristic, from 103 hundred 
thousandths to 5 hundred thousandths. By always employing the 
characteristic 3, which need occasion no perplexity, we shall arrive 
at the most correct results of which these tables are susceptiUe* 
We may always rely upon the exactnesss of the four first figures on 
the left. When this degree of approximation is not sufiicient, we 
must have recourse to more extended tables. 

Of the Table of Jjog^ Sines, Tangents, and Secantsf. 

1. To obtain the logarithmic sine, tangent, or secant corresponding 
to ajiy number of degrees and minutes, find the given degrees at the 
top of the page, except this number fall between 45° and 135°, in 
which case they are to be sought at the bottom, the minutes being 
found in the column marked M, which stands on the side of the page 
on which the degrees are marked. Thus, if the degrees are less than 
45, the minutes are to be found in the left hand column^ and it must 
be noted, that if the degrees are found at the top, the names of hour, 
sine, cosine, tangent &c., must also be found at the top. If the 
degrees are found at the bottom, the names, sine, cosine &c. must 
also be found at the bottom. Then opposite to the number of min- 
utes will be found the log* sine, log. secant, &c. in the column 
marked sine, secant, &c. respectively. 

If the log. sine of 28° 37', for example, were required, we should 
find 2S^ at the top of the page, and directly below it in the left hand 
column 37, against which, in the column marked sine, is 9,68029 the 
log. sought. 

The logarithms secant of 126° 20' being required, we find 126° at 
the bottom of the page, and directly above it in the left hand column 
^0', against which, in the column marked secant, is 10,22732 the 
log. sought. 

2. To obtain the log. sine, cosine, &c. for degrees, minutes, and 
seconds, we find the log. corresptmding to the even minutes next 



t It will be observed, that if a table of natural sines, cosines^ &c., be com- 
puted to a radius of 10000000000, and the logarithms of these numbers be 
calculated like the logarithms of any other numbers, they would form a table 
like that aboTe referred to, in which th^ log. of radius is 10,00000. 
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«iM>Te and below the given degrees and minutes^ and take fiieir dif- 
ference* Then as l'^ or 60'' is to the given seconds^ so is the above 
difference to the log. of the given seconds^ which is to be added ta 
the log. corresponding to the less number of degrees and minutes, or 
subtracted from it> according as this log. is less or greater than the 
other* 

The log. sine of 24^ 16' 48"» for example, being required^ we take 
'the following two logarithms, namely, log. sine of ^^ 16' = 9, 61382, 
and log. sine of 24^ 17' ^9, 61411» the difference of which is 
Qk000£9; whence 

60" : 48'' : : 0,00029 : 0,00023, 
which, added to 9,61382, the log. sine of £4" 16', gives 9>61405 for 
the log. sine of 24° 16' 48". 

To find the log. secant of 105^ 20' 16", we take the log. secant ef 
105** 20' = 10,5rr68, and the log. secant of 105** 21' « 10,57772, the 
difference of which is 46 ; whence ^ 

60" : 16" :; 0,00C>46 : Qjmii, • 
which being subtracted from the log. correqionding to the least num- 
ber of d^rees and minutes, (since this is greater than the other) 
Ktves 10,57756 for the log. secant of 105* 2^ 16". 

If the ghren seconds be •!, |>, ^, oranyother evenpartsof a minate» 
Ihe like part may be t^en of the di^^nce of the logarithms and 
added or subtracted, according to the above rale. This may fre- 
quently be done by inspection. 

3. To obtain the degrees, minutes, and secouds corresponding U 
any given log. sine, cosine, &c. we tad the two nearest numbers tt 
the given log. sine, cosine, &C., in the column marked sine, cosine, 
*&G., respectively, one being greater and the other less, and take their 
differ^ce; we take also the difference between the given log. and 
the log. corresponding to die least number of degrees and minutes. 
Th^i the first of the above differences, is to the second, as 60" is to 
the number of seconds corresponding to the second difference, which 
lieing annexed to the smaller number rf degrees and minutes, brfore 
found, will give the quantity sought. 

Thus to find the degrees, minutes, and seconds (less than 90^), 
^corresponding to the log. sine 9,^1405, we take the two nearest log- 
arithms with the corresponding degrees and minutes, namely, a 

Next less log. 9,61382 24"" 16' 

Next greater log. 9^61411 24"" 17* 

Difference 0,00029 1' 

We also take the difference between the given log. and the log. 
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Belonging to the least number of degrees, and minutes, namelj", 
0,00021. Then from the proportion 

. 0.00029 : 0,00028 :: 60" : 48'' 
we haye 4S" as the quantity to be annexed to 24^ 16' to make the 
entire number of degrees &c», answering to the g^ven log. sine 
9,61405, 

Frecedbg ihe table of the logs, of numbers will be found a table 
containing the log* sines, tangents, and secants, to every point and 
quarter point of the compass* This differs from the table last 
explained only in having the angles expressed in pointy and quarters 
of a point instead of degrees and minutes. 
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1550 
1561 
1572 


32 


2028 
2040 
2052 


39 


2545 
2558 
2571 


16 


3116 
3130 
3144 




270 
280 
290 




695 
705 
715 




1130 
1140 
1151 




1583 
1594 
1605 




2064 
2076 
2088 


* 


2584 
2597 
2610 




3159 
3173 
3188 


5 


300 
310 
320 


12 


725 
735 
746 


19 


1161 
1172 
1183 


26 


1616 
1628 
1639 


33 


2099 
2111 
2123 


40 


2623 
2636 
2649 


47 


3203 
3217 
3232 




330 
340 
350 




756 
766 

776 




1193 
1204 
1214 




1650 
1661 
1672 




2135 
2147 
2159 




2662 
2675 
2688 




S247 
3262 
3276 


6 


360 
370 
380 


13 


787 
797 
807 


20 


1225 
1236 
1246 


27 


1684 
1695 
1706 


34 


2171 
2184 
2196 


41 


2702 
2715 
2728 


48 


3291 
3906 
3321 




390 
400 
410 




818 
828 
838 




1257 
1268 
1278 




1717 
1729 
1740 




2208 
2220 
2232 




2741 
2755 
2768 




3337 
SS52 
3367 



Meridianal Paris. 



M. 


10 
90 


D. 

49 


Leng, 


IX 


Leng. 


D. 


Leng. 


D. 


Leng. 


D. 


Leng. 


D. 


Leng. 


SS82 
8S97 
8413 


56 


4074 
4092 
4110 


63 


4905 
4927 
4949 


70 


5966 
5995 
0025 


77 


7467 
7512 
7557 


84 


10137 
10234 
103S4 


SO 


10 

so 

40 
50 


10 
SO 

SO 
.40 
50 


10 
20 

SO 
40 
50 


10 
20 

SO 
40 
50 


10 
20 

SO 
40 

50 


10 
SO 

SO 
40 
50 


50 

51 
52 
53 
54 


3428 
3443 
3459 


i 


4128 

4146; 
4164; 




4972 
4994 
5017 




6055 
6085 
6115 




7603 
7650 
7697 


• 


10437 
10543 
10652 


S474' 

3490 

S506. 


57 


4183 
4201 
4219 


64 


5039 
5062 
50^ 

ft 


71 


6146 
6177 
6208 


78 


7745 
7793 
7842 


85 


10765 
10681 
11002 


3521 : 

3587 
S553 




4238! 

4257 

4275: 




5106 
5138 
5155 


» 


6240 
6271 
6303 




7892 
7942 
7994 




11127 
11257 
11392 


S569 
8585 
3601 


BS 


4294 
4313: 
43^ t 


^5 


5179 
5202 
5226 


72 


6335 
63^7 
6400 


79 


8046 
8099 
8152 


86 


11533 
11679 
11832 


8617- 

3683 

3649 




4351 
4S70 
4389 




5250 
5275 
5299 


• 


6433 
6467 
6500 




8207 
8262 
8318 




11993 
12160 
12334 


3655 
3681 
3698 


59 


4409 
4429 
4448 


66 


5828 
5348 
5873 


73 


65S4 
6569 
6603 


80 


8375 
8438 
8492 


87 


12522 
12719 
12927 


8714 
?731 
8747 




4468 
4488 
4507 




5398 
5423 
5448 




6638 
6674 
6710 


81 


8552 
8614 
8676 




18149 
13387 
13641 


8764 
3780 
8797 


60 


4527 
4547 
4568 


67 


5474 
5500 
5526 


74 


6746 
6782 
6819 


8739 
8803 
8869 


88 


13917 
14216 
14543 


3814 
3891 




4588' 
4608. 

4629 

t 




5552 
5578 
5604 




6856 

6894. 

6932- 


8936 
9004 
9074 




14906 
15311 
15770 


3965 
388S 
S89S 


61 


4649 
4670 
4691 


?? 


5631* 

5658 

5685 


75 


6970 
7009 
7048 


82 


9145 
9218 
9292 


89 


16300 
16926 
17694^ 


3916 
393$ 
3950 


62 


4712 
4733 
4754 




5712 
5739 
5767 


7088. 
7128. 
7169 




9368 
9446 
9525 


90 


18682 
20075 
22458 


3967 
3985 
4003 


4775 
4796 
4818 


69 


5794 
5822 
5851 


76 


7210 
7251 

7293 


83 


9606 
9689 
9774 


Infinite. 


4021 
4038 
4056 


4839 
4861 
4883 




5879 
5908 
5937 




7336 
7379 
7423 




9861 

9951 

10043 







stroDomical Refractions, when the barometer is at 30,0 biglisii 
inches, and Fahrenheit's thermometer at 55°, or when the barome- 
ter is at 29A an^ Fahrenheit's Thermometer at 50^ 



6 

g 

a 



90 
89 
88 
87 
86 
85 



|84 
183 

82 
81 

BOj 



74 
73 
72 
71 



3 

.9 

I 



6i0 

7 



00 
10 
20 
30 
40 
60 



// 

0.0 
1.0 
2.0 
8.0 
4.0 
6.0 



79 

78 
77 
76(14 



76 




100 



11 



120 

130 







15 



160 



17 
18 
19 



6921 
6822 



61290 
603010 



6.1 
7.1 
8.1 
9.2 
10.2 



U 

Is 







11.2 
12.3 
13.3 
14.4 
15.4 



16.5 
17.6 
18.7 
19.8 
70200 20.9 



22.0 

23.2 

671230 24.3 

25.5 
165260 26.7 



64260 28.0 
6327 29.2 
62|28|0 80.5 
31.8 



33.1 



0.0 
0.0 
0.1 
0.1 
0.1 
0.2 



0.2 
0.2 
0.2 
0.3 
0.3 



0.3 
0.4 
0.4 
0.4 
0.5 



0.5 
0.5 
0.6 
0.6 
0.6 



0.7 
0.7 
0.7 
0.8 
0.8 



0.8 
0.9 
0.9 
1.0 
1.0 



0.0 
0.0 
0.1 
0.1 
0.2 
Oii 



0.2 
0.3 
0.3 
0.4 
0.4 



0.5 
0.5 
0.6 
0.6 
0.7 



0.7 
0.8 
0.8 
0.9 
0.9 



1.0 
1.0 
1.1 
1.2 
1.2 



1.3 
1.3 
1.4 
1.4 
1.5 



4 



60 
59 

58 



300 



31 



57380 



54 

63 



49 
48 
47 
46 
45 



41.7 
43.8 
44.9 

46.5 
5014010 48.1 



52 
51 



44 
43 
42 
41 

40 



88 



36 



34 
33 



31 

30 



360 



37 

38 
390 



// 



33.1 
34.4 

3210 35.8 
37.2 
5613410 38.7 
55350 40.2 



41 
42 
43 
44 
45 



47 
46 
49 



50 



39 51 



521 



37531 



541 



35 56 



57 



32 58 



49.8 
51.6 
53.4 
56.3 
67.3 



460 59.3 
1 1.4 
1 3.6 
1 6.9 
1 8.2 



10.6 
13i2 
15.9 
18.7 
21.6 



561 24.7 



69 
60 



1 28.0 
1 31.5 
1 36.2 
1 39.0 



// 

1.0 
1.0 
1.1 
1.1 
1.2 
1.2 



iJ2 
1.3 
1.3 
1.4 
1.4 



1.5 
1.6 
1.6 
1.6 
1.7 



1.8 
1.9 
2.0 
2.0 
2.1 



2J2 
S.3 
2.3 
2.4 
2.5 



2.6 
2.6 
2.7 
2.8 
2.9 



// 

1.6 
1.6 
1.6 
1.7 
1.7 
1.8 



IJ9 
2.0 
2.0 
2.1 
2.2 



2.2 
2.3 
2.4 
2.6 
2.6 



2.7 
2.8 
2.9 
8.0 
3.1 



3.2 
3.4 
8.6 
3.7 
3.8 



3.9 
4.1 
4i2 
4.3 
4.5 



26 



3060 
2961 
2862 
27 63 
26 64 



65 



2466 
2867 
2268 
2169 
20 70 



19 



18 72 



17 
16 
15 



14 
13 
12 
11 
10 



2 
1 



71 



78 
74 
76 



76 

77 
78 
79 
80 



98 

8 

7 

6 

6 




3 

83 
84 
85 



486 

387 



88 
89 



090 



2 8.0 
2 14.2 
2 20.9 
2 28.3 
2 36.3 



2 45.1 

2 64.7 

3 6.5 
3 17.6 
3 31.0 



3 
4 
4 
4 
6 



46.4 
3.8 
24.0 
46.6 
15.6 



6 49.0 

6 29.7 

7 20.8 

8 24.7 

9 48.8 



11 41.8 
14 18.4 
18 1.8 
28 21.4 
80 50.8 



6.8 
7.3 
7.9 
8.6 
9.4 



10.4 
11.6 
13.1 
15.0 
17.5 



56.0 



10.6 
11.5 
12Ji 
13.7 
14.9 



16JS 
18iS 
213 
24i» 
296 



15K»i» 



OF NATUHAL SINlSS. 



I 



0<^ 



I 



lo 



1 M. 




1 

3 

4 
5 
6 



7 

8 

9 

10 

11 

12 



13 
U 
15 
16 
17 
18 



19 
20 

21 
22 
23 
24 



25 
26 
27 
28 
29 
30 



31 
32 
33 
34 
35 
36 



37 
38 
39 
40 
41 
42 



43 
44 
45 
46 
47 
48 



49 
50 
51 
52 
53 
54 



55 
56 
57 
58 
59 
60 



N.sine. 



00000 
00029 
00058 
00087 
00116 
00145 
00175 



00204 
00238 
00262 
00291 
00320 
00349 



00378 
00407 
00436 
00465 
00495 
00524 



00553 
00582 
00611 
00640] 
00669 
00698 



00727 
00756 
00785 
00814 
00844 
00873 



N. cos 



L 



20 



100000 01745 999851 03490 
100000 01774 99984 03519 
100000 01803 99984 03548 



100000 01832 
100000 01862 



100000 



100000 01920 



100000 
100000 
100000 
100000 
99999 
99999 



99999 
99999 
99999 
99999 
99999 
99999 



99998 
99998 
99998 
99998 
99998 
99998 



00902 
00931 
00960 
00989 
01018 
01047 

01076 
01105 
01134 
01164 
01193 
01222 



01251 
01280 
01309 
01338 
01367 
01396 



99997 
99997 
99997 
99997 
99996 
99996 



99996 
99996 
99995 
99995 
99995 
JI9995 

99994 
99994 
99994 
99993 
99993 
99993 



01425 99990 



01454 
01483 



01513 99989 



01542 
01571 



01600 
01629 
01658 
01687 
01716 



99992 
99992 
99991 
99991 
99991 
99990 



N.sme.)N. cos.|N.8ine. 



N. cos 



01891 



01949 
01978 
02007 
02036 
02065 
02094 



02123 
02152 
02181 
02211 
02240 
02269 



02298 
02327 
02356 
02385 
02414 
02443 



02472 
02501 
02530 
02560 
02589 
02618 



02647 
02676 
02705 
02734 
02763 
027921 



02821 
02850 
02879 
02908 
02938 
02967 



02996 
03025 
03054 
03083 
03112 
03141 



99989 
99989 



99988 
99988 



99987 
99987 
99986 
999C6 
99985 



( 01745 99985 
N. cos./n. 



03170 
03199 
03228 
03257 
03286 
03316 



99983 
99983 
99982 
99982 



99981 
99980 
99980 
99979 
99979 
99978 



99977 

99977 
99976 
99976 
99975 
999741 



99974 

9997 

9997 

99972 

99971 

99970 



03577 
03606 
03635 



03664 99933 05408 



03693 
03723 
03752 
03781 
03810 
03839 



03868 
,03897 
03926 
03955 
03984 
04013 




99969 
99969 
99968 
99967 
99966 
99966 



9996o 
9996^ 



99963 04449 



999631 
99962 
99961 



99960 
99959 
99959 
99958 
99957 
99956 



99955 
99954 
99953 
99952 
99952 
99951 



^129 
04159 
04188 



04217 
04246 
04275 
04304 
04333 
04362 



04391 
04420 



04478 
04507 
04536 



04565 
04594 
04623 
04653 
04682 
04711 



T)9944 
99943 
99942 
99941 
99940 
99939 

sine. IN. cos.iN.sine. 



03345 
03374 
03403 
03432 
03461 
03490 



99950 
99949 
99948 
99947 
99946 
99945 



04740 

04769 

0479ai 

04827 

04856 

04885 



30 



I 



40 



i 



N.sine, 



99939] 06234 99863J 06976 



99938 
99937 
99936 



99935 05350 



99934 



99932 
99931 



99930 05495 



99929 
99927 
99926 



99926 05611 

'99924 05640 

99923 05669 

99922 05698 



99921 
99919 



99918 
99917 
99916 
99916 
99913 
99912 



99911 
99910 
99909 
99907 
99906 
99906 



99904 

99902 

99901 

99900J 

99898 

99897 



99896 
99894 
99893 
99892 
99890 
99889 



04914 
04943 
04972 
05001 
05030 
05059 



05088 
05 U7 
05146 
05176 
05205 
05234 



99888 
99886 
99885 
99883 
99882 
9988] 



05263 
05292 
05321 



05379 



05437 
05466 



05524 
05553 
05582 



05727 
05756 



05785 
05814 
05844 
05873 
05902 
05931 



05960 
05989 
06018 
06047 
06076 
06105 



06134 

06163 

06192 

06221 

06250J 

06279 



06308 
06337 
0636G 
06395 
06424 
06453 



99879 06656 



99878 
99876 
99875 
99873 
99872 



99870 
99869 
99867 
99866 
99864 
99863 



06482 
06511 
06540 
06569 
06598 
06627 



06686 
06714 
06743 
06773 
06802 



06831 
06860 
06889 
06918 
06947 
06976 



N. Gos.j N.sine 



N. cos. 



99861 
99860 
99858 
99857 
99855 



99854 07150 



99852 
99851 
99849 
99847 
99846 



99844 07324 



99842 
99841 
99839 
99838 
99836 
99834 



99833 
99831 
99829 
99327 
99^6 
99824 



99822 
99821 
99819 
99817 
99815 
99813 



99812 
998101 
99808 
99806 
99804 
99803 



99801 
99799 
99797 
99795 
99793 
99792 



99790 
99788 
99786 
99784 

99782 
997801 



I 



C90 



I 



88<- 



N. COS.] N.sine. N. cos 
37b j- 



99778 
99776 
99774 
99772 
99770 
99768 

99766 

997641 

99762 

99760 

99758 

99756 



07005 
07034 
07063 
07092 
07121 



07179 
07208 
07237 
07266 
07295 



07363 
07382 
07411 
07440 
07469 
07498 



07527 
07556 
07585 
07614 
07643 
07672 



07701 
07730 
07759 
07788 

07817 
07846 



99756 
99754 
99752 
99750 
99748 
99746 
99744 



99742 
99740 
99738 
99736 
99734 
99731 



99729 
99727 
99725 
99723 
99721 
99719 



99716 
99714 
99712 
99710 
99708 
99705 



99703 
99701 
99699 
99696 
99694 
99692 



078761 99689 
07904 99687 



07933 
07962 
07991 
08020 



08049 
08078 
OS 107 
08136 
08165 
08194 



99685 
99683 
99680 

99673 

"99676 
99673J 
99671 
99668 
99666 
99664 



08223 



08252 99659 



08281 



08310 99654 



08339 
08368 



N.sine. 



08397 
08426 
08456 
084841 
08613 
08542 



08671 
08600 
08629 
08658 
08687 
08716 



99661 



99657 



99652 
99649 



99647 
99644 
99642 
99639 
99637 
99636 



N. COS. 



99632 
99630 
99627 
99625 

99622 
99619 



N.sine. 



86- 



85^^ 



60 
59 
68 
67 
56 
55 
54 



53 
52 
51 
50 
49 
48 



47 
46 
45 
44 
43 
42 



41 
40 
39 
38 
37 
36 



17 
16 
15 
14 
13 
12 



11 

10 
9 
8 
7 
6 



5 
4 
3 
2 
1 




M. 



li 



A 



I 



. 










OP 


NATURAL SINES. 












60 6° 1 7° 1 80 1 


90 1 




M. 


N.sine. 


N. COS. 


N.sioe. 


N. COS. 


N.sine. 


N. COS. N.sine. 


N. COS. 


N.sine.jN. cos 


» 





08716 


99619 


10453 


99452 


12187 


99256 13917 


99027 


15643' 9876S 


> 60 




1 


08746 


99617 


10482 


99449 


12216 


99251 


13946 


99023 


15672 


98764J 59 




2 


08774 


99614 


10511 


99446 


12245 


99248 


13976 


99019 


15701 


9876(1 


n 58 




3 


08803 


99612 


10540 


99443 


12274 


99244 


14004 


99016 


15730 


987551 57 




4 


08831 


99609 


10569 


99440 


12302 


99240 


14033 


99011 


15758 


98751 


56 ' 




5 


08860 


99607 


10597 


99437 


12331 


99237 


14061 


99006 


15787 


98746 


55 




6 


08B89 


99604 


10626 


99434 


12360 


99233 


14090 


99002 


15816 


98741 


54 


7 


08918 


99602 


10655 


99431 


12389 


.99230 


14119 


98998 


15845 


98737 


53 


, 


8 


08947 


99599 


10684 


99428 


12418 


99226 


14148 


98994 


16873 


98732 


52 




9 


08976 


99596 


10713 


99424 


12447 


99222 


14177 


98990 


15902 


98728 ol 




10 


09005 


99594 


10742 


99421 


1247^ 


99219 


14205 


98986 


16931 


98723 50 




11 


09034 


99591 


10771 


99418 


12504 


99215 


14234 


98982 


15959 


98718 


49 




12 


09063 


99588 


10800 


99415 


12533 


99211 


14263 


98978 


15988 


98714 


48 { 


13 


09092 


99586 


10829 


99412 


12562 


99208 


14292 


98973 


16017 


98709 


4' i 




14 


09121 


99583 


10858 


99409 


12591 


9920^t 


14320 


98969 


16046 


98704 


4S 1 




15 


09150 


99580 


10887 


99406 


12620 


99200 


14349 


98965 


16074 


98700 


45 




16 


09179 


99578 


10916 


99402 


12649 


99197 


14378 


98961 


16103 


98696 


U 




17 


09208 


1 99576 


10945 


99399 


12678 


99193 


14407 


98957 


16132 


98690 


43 ! 




18 


09237 


99572 


10973 


99396 


12706 


99189 


14436 


98953 


16160 


98686 


42 ! 


19 


09266 


99570 


11002 


99393 


12735 


99186 


14464 


98948 


16189 


98681 


41 i 




20 


09295 


99567 


11031 


99390 


12764 


9^78 


14493 


98944 


16218 


98676 


40 1 




21 


09324 


99564 


11060 


99386 


12793 


14522 


98940 


16246 


98671 


39 




22 


09353 


99562 


11089 


99383 


12822 


99175 


14551 


98936 


16275 


98667 


38 




23 


09382! 99559 


♦1118 


99380 


12851 


99171 


14580 


98931 


16304 


98662 


37 1 




24 


094111 99556 


11147 


99377 


12880 


99167 


14608 


98927 


16333 


98657 


36 , 


25 


09440' 99563 


11176 


99374 


12908 


99163 


14637 


98923 


16361 


98652 


35 1 




26 


09469 


99551 


11205 


99370 


12937 


99160 


14666 


98919 


16390 


98648 


34 




27 


09498 


99548 


11234 


99367 


12966 


99156 


14695 


98914 


16419 


98643 


33 




28 


09527 


99545 


11263 


99364 


12995 


99152 


14723 


98910 


16447 


98638 


32 




29 


095561 99542 


11291 


99360 


13024 


99148 


14752 


98906 


16476 


98633 


31 1 




30 


095851 99540 


11320 


99357 


13053 


99144 


14781 


98902 


16505 


98629 


30 : 


31 


09614 


99637 


11349 


99354 


13081 


99141 


14810 


93897 


16533 


98624 


29 




32 


09642 


99634 


11378 


99351 


13110 


99137. 14838 


98893 


16562 


98619 


28 ; 




33 


09671 


99631 


11407 


99347 


13139 


99133 


14867 


98889 


16591 


98614 


27 ' 




34 


09700 


99528 


11436 


99344 


13168 


99129 


14896 


98884 


16620 


98609 


26 1 




35 


09729 


99626 


11465 


99341 


13197 


99125 


14926 


98880 


16648 


98604 


25 ' 




36 


09758 


99523 


11494 


99337 


13226 


99122 


14954 


98876 


16677 


98600 


24 1 


37 


09787 


99620 


11523 


99334 


13254 


99118 


14982 


98871 


16706 


98595 


23 ' 




38 


09816 


99617 


11662 


99331 


13283 


99114 


15011 


98867 


16734 


98590 


22 




39 


09845 


99614 


11680 


99327 


13312 


99110 


15040 


98863 


16763 


98685 


21 




40 


09874 


99611 


11609 


99324 


13341 


99106 


15069 


98858 


16792 


98680 


20 ' 




41 


09903 


99608 


11638 


99320 


13370 


99102 


16097 


98854 


16820 


98576 


19- , 


1 


42 


09932 


99606 


11667 


39317 


13399 


99098 


16126 


98849 


16849 


98670 


18 :' 


43 


09961 


99603 


11696 


99514 


13427 


99094 


15166 


98846 


16878 


98565 


17 ' 




44 


09990i 


99600 


11726 


99310 


13456 


99091 


15184 


98841 


16906 


98561 


16 




46 


10019 


99497 


11754 


99307 


13486 


99087 


15212 


98836 


16935 


98666 


15 




46 


10048 


99494 


11783 


99303 


13614 


99083 


16241 


98832 


16964 


98551 


14 


47 1 


10077 


99491 


11812 


99300 


13643 


99079 


16270 


98827 


16992 


98546 


13 




48 


10106 


99488 


11840 


99297 


13572 


99076 


16299 


98823 


17021 


98541 


12 


49 


10136 


99486 


11869 


99293 


13600 


99071 


16327 


98818 


17050 


98536 


11 




50 


10164 


99482 


11898 


99290 


13629 


99067 


15356 


98814 


17078 


98531 


10 




61 


10192 


99479 


11927 


99286 


13658 


99063 


15386 


98809 


17107 


98626 


9 . 




52 


10221 


99476 


11966 


99283 


13687 


99059 


16414 


98805 


17136 


98521 


8 




63 


'10250 


99473 


11986 


99279 


13716 


99066 


16442 


98800 


17164 


98516 


7 




64 


10279 


99470 


12014 


99276 


13744 


99051 


15471 


98796 


17193 


98611 


6 ; 


65 


10308 


99467 


12043 


99272 


13773 


99047 


15600 


98791 


17222 


98606 


^ ■ 




66 


10337 


99464 


12071 


99269 


13802 


99043 


16629 


98787 


17250 


98601 


4 




67 


10366 


99461 


12100 


99265 


13S31 


99039 


16567 


98782 


17279 


98496 


3 




68 


10395 


99458 


12129 


99262 


13860 


99035 


15686 


98778 


17308 


98491 


4 




69 


10424 


99465 


12168 


99258 


13889 99031 


15616 


98773 


17336 


98486 


1 




60 


10463 


99452 


12187 


99255 


13917 99027 


16643 


98769 


17366 


98481 


; 






N. COS. 


N.8ine. 


N. COS. 


N.sine. 


N. COS. N.slne. 


N. COS. 


N.sine. 


N. COS. 


N.8ine. M. 




84° 83^* 82° J 


81 


[O 


8( 


)o 





OF NATURAL SINES; 



1 


10° 11° 


12° 


18' 1 


Uo 


I 


M. 


N.sine. 


N. COS. 


N.sine. N. cos. 


N.8ine.|N. cos. 


N.sine.N. gos.| 


N.sine. N. cos., 









17365 


98481 


19081 


98163 


20791 97816 


22496 


97437 


24192 


97030 


60 1 




1 


17393 


98476 


19109 


98167 


20820 


97809 


22623 


97430 


24220 


97023 


59 




2 


17422 


98471 


19138 


98152 


20848 


97803 


22652 


97424 


24249 


97016 


58 




3 


17451 


98466 


19167 


98146 


20877 


97797 


22680 


97417 


24277 


97008 


57 




4 


17479 


98461 


19196 


98140 


20905 


97791 


22608 


97411 


24306 


97001 


56 




5 


17508 


98456 


19224 


98136 


20933 


97784 


22637 


97404 


24333 


96994 


«55 




6 


17537 


98450 


19252 


98129 


20962 


97778 


22666 


97398 


24362 


96987 


54 




7 


17666 


98445 


19281 


98124 


20990 


97772 


22693 


97391 


24390 


96980 


53 


8 


17694 


98440 


19309 


98118 


21019 


97766 


22722 


97384 


24418 


96973 


52 




9 


17623 


98436 


19338 


98112 


21047 


97760 


22750 


97378 


24446 


96966 


61 




10 


17661 


98430 


19366 


98107 


21076 


97764 


22778 


97371 


24474 


96959 


60 




11 


17680 


98426 


19396 


98101 


21104 


97748 


22807 


97366 


24503 


96952 


49 




12 


17708 


98420 


19423 


98096 


21132 
21161 


97742 


22836 


97358 


24531 


96945 


48 




13 


17737 


98414 


19462 


98090 


97736 


22863 


97351 


24659 


96937 


47 


14 


17766 


98409 


19481 


98084 


21139 


97729 


22892 


97345 


24687 


96930 


46 




15 


17794 


98404 


19509 


98079 


21218 


97723 


22920 


97338 


24616 


96923 


46 




16 


17823 


98399 


19638 


98073 


21246 


97717 


22948 


97331 


24644 


96916 


44 




17 


17862 


98394 


19566 


98067 


21275 


97711 


22977 


97326 


24672 


96909 


43 




18 


17880 


98389 


19595 


98061 


21303 


97705 


23005 


97318 


24700 


96902 


42 




19 


17909 


98383 


19623 


98056 


21331 


97698 


23033 


97311 


24728 


96894 


41 


20 


17937 


98378 


19652 


98060 


21360 


97692 


23062 


97304 


24756 


96887 


40 




21 


17966 


98373 


19680 


98044 


21388 


97686 


23090 


97298 


24784 


96880 


39 




22 


17996 


98368 


19709 


98039 


21417 


97680 


23118 


97291 


24813 


96873 


' 38 




23 


18023 


98362 


19737 


98033 


21446 


97673 


23146 


97284 


24841 


96866 


37 




24 


18062 


98367 


19766 


98027 


21474 


97667 


23176 


97278 


24869 


96868 


36 




26 


18081 


98362 


19794 


98021 


21502 


97661 


23203 


97271 


24897 


96861 


35 


26 


18109 


98347 


19823 


98016 


21630 


97656 


23231 


97264 


24926 


96844 


34 




27 


18138 


98341 


19851 


98010 


21569 


97648 


23260 


97267 


24964 


96837 


S3 




28 


18166 


98336 


19880 


98004 


21687 


97642 


23288 


97261 


24982 


96829 


82 




29 


18195 


98331 


19908 


97998 


21616 


97636 


23316 


97244 


25010 


96822 


31 




30 


18224 


98326 


19937 


97992 


21644 


97630 


23346 


97237 


26038 


96815 


SO 




31 


18252 


98320 


19966 


97987 


21672 


97623 


23373 


97230 


26066 


96807 


29 


32 


18281 


98316 


19994 


97981 


21701 


97617 


23401 


97223 


26094 


96800 


28 




33 


18309 


98310 


20022 


97976 


21729 


97611 


23429 


^97217 


25122 


96793 


27 




34 


18338 


98304 


20061 


97969 


21768 


97604 


23468 


97210 


26161 


96786 


26 




36 


18367 


98299 


20079 


97963 


21786 


97698 


23486 


97203 


25179 


96778 


25 




36 


18395 


98294 


20108 


97968 


21814 


97692 


23614 


97196 


26207 


96771 


24 




37 


18424 


98288 


201^6 


97952 


21843 


97685 


23542 


97189 


25236 


96764 


23 


38 


18462 


98283 


20166 


97946 


21871 


97679 


23671 


97182 


26263 


96766 


22 




39 


18481 


98277 


20193 


97940 


21899 


97673 


23699 


97176 


25291 


96749 


21 




40 


18509 


98272 


20222 


97934 


21928 


97666 


23627 


97169 


25320 


96742 


20 




41 


18638 

* 


98267 


20260 


97928 


21956 


97660 


23666 


97162 


26348 


96734 


19 




42 


18567 


98261 


20279 


97922 


21986 


97663 


23684 


9716& 


26376 


96727 


18 




43 


18595 


98^56 


20307 


97916 


22013 


97547 


23712 


97148 


25404 


96719 


17 


44 


18624 


98250 


20336 


97910 


22041 


97641 


23740 


97141 


25432 


96712 


16 




46 


18652 


98246 


20364 


97906 


22070 


97634 


23769 


97134 


25460 


96706 


16 




45 


18681 


98240 


20393 


97899 


22098 


97628 


23797 


97127 


25488 


96697 


14 




47 


18710 


98234 


20421 


97893 


22126 


97621 


23825 


97120 


»25616 


96690 


13 




48 


18738 


98229 


20450 


97887 


22165 


97516 


23853 


97113 


26645 


96682 


12 




49 


18767 


98223 


20478 


97881 


22183 


97608 


23882 


97106 


25673 


96675 


11 


60 


18795 


98218 


20507 


97875 


22212 


97602 


23910 


97100 


25601 


96667 


10 




61 


18824 


98212 


20636 


97869 


22240 


97496 


23938 


97093 


26629 


96660 


9 




62 


18862 


98207 


20563 


97863 


22268 


97489 


23966 


97086 


25657 


96663 


8 




63 


18881 


98201 


20592 


97867 


22297 


97483 


23995 


97079 


26685 


96646 


7 




64 


18910 


98196 


20620 


97861 


22325 


97476 


24023 


97072 


25713 


96638 


6 




66' 


18938 


98190 


20649 


97846 


22353 


97470 


24051 


97065 


25741 


96630 


6 


56 


18967 


98186 


20677 


97839 


22382 


97463 


24079 


97058 


25769 


96623 


4 




67 


18996 


98179 


20706 


97833 


22410 


97467 


24t©8 


97061 


25798 


96615 


s 




68 


19024 


98174 


20734 


97827 


22438 


9>7460 


2413^ 


» 97044 


55826 


96608 


2 




69 


1905!^ 


98168 


20763 


97821 


22467 


97444 


24164 


'97037 


25864 


96600 


1 




60 


19081 


98163 


20791 


97815 


22495 


97437 


24192 


97030 


26882 


96693 


0' 


k 


N. COS. 


N.sine. 


N. cos. 


N.sine. 


N. cos. 


N.sine. 


N. cos.'N.sine. 


N. col. 


N.sine. 


M. 




1 79° 1 78° 1 

W 


77° 1 


76'-' 


"i 


'6^ 


1 


^ 
















OF NATURAL SINKS, 






IfiO 



TT 



I 16*=^ I 



170 




1 
2 

3 

4 

6 



7 

8 

9 

10 

U 

12 



13 
14 
1.5 

17 

18 



19 

to 

21 

22 
23 
24 

25 
26 
37 
28 
29 
30 



31 
32 
33 
34 
35 
36 



37 
38 
39 
40 
41 
42 

43 
44 
45 
46 
47 
48 



49 
50 
51 
52 
63 
54 



55. 

56 

57 

58 

59 

60 



N.8ine. 



N. COS. 



25882 
25910 
25938 
25966 



25994 96562 



26022 
26050 



26079 
26107 
26135 
26163 
26191 
26219 



26247 
26275 
26303 
26331 



26359 96463 



26387 



26415 96448 
26443 96440 



26471 
26500 

26528 
26556 



26584 
266121 
26640 
26668 
26696 
26724 



26762 
26780 
26808 
26836 
26864 
26892 



26920 
26948 
26976 
27004 
27032 
27060 



27088 
27116 
27144 
27172 
27200 
27228 



27256 
27284 
27312 
27340 
27368 
27396 



27424 
27452 
27480 
27608 
2753(3 
27564 



N.sine. 



I80 



1 ^r I 



96593 
96585 
96578 
96570 



96555 
96647 



N. cos 



27664 
27692 
27620 
27648 
27676 
27704 
27731 



96540 

96532] 27787 
96524 27815 
96517 27843 
96509 27871 
96502 | 27899 

96494' 27927 
96486; 27955 



96479 
96471 



96456 



96433 
96425 
96417 
96410 



96402 
963941 
96386 
96379 
96371 



27983 
28011 
28039 
28067 



28095 
28123 
28150 
28178 
2Q206 
28234 



96126 
96118 
96110 
96102 



96094 29348 



96086 
96078 



277691 96070 
96062 
96054 
96046 
1)6037 
9b'029 



96031 
9601S 
96006 
95997 
96989 
96981 



28262 



28290 95916 



28318 
28346 
28374 



963631 28402 



96366 28429 
96347i 28457 



96340 
96332 
96324 
963J6 



9G308 
96301 
96293 
96286 



96277 28708 



9G269 



96261 
96263 
96246 
96238 
96230 
96222 



96214 
96206 
96198 
96190 
96182 
96174 



96166 
96158 
96150 
96142 
9G134 
96126 



N. c os.iii.8iae. 

740 



28486 
28613 
28541 
28569 



28597 
28625 
28662 
28680 



28736 



28764 
28792 
28820 
28847 
28875 
28903 



95972 
96964 
95956 
95948 
96940 
95931 



96923 



95907 
95898 
95890 
958821 



95874 
96866 
96857 
95849 
95841 
95832 



95824 
96816 
95807 
95799 
95791 
95782 



N.8me. 



N. COS. 



29237 
29265 
29293 
29321 



29376 
29404 



N.sine. 



N. COS. 



96630 
95622 
95613 
95606 
95596 
95688 
95679 



29432 
29460 
29487 
29616 
29643 
29671 



29699 
29626 
29664 
29632 
29710 
29787 



95671 
96662 



96554 31151 



95646 
95536 
95628 



29765 
29793 
29821 
29849 
29876 
29904 



29932 
29960 



95619 
95511 
96602 
95493 
95485 
95476 



96467 
95459 
95450 
95441 
95433 
95424 



95415 
95407 



29987 9639S 



30015 
30043 
30071 



30098 
30126 
30154 
30182 
30209 
30237 



95774 
95766 
95757 
95749 
95740 
96732 



28931 
28959 
28987 
29016 
29042 
29070 



95724 
95716 



29098 
29126 
29154 
29182 
29209 
29237 



N, COS. 



96698 
96690 
95681 



95673 

966641 

95656 

95647 

96639 

95630 



N.sine. 



30265 
30292 
30320 
303481 
30376 
304031 



30431 
30459 
30486 
30614 
30542 
30570 



30597 
30626 



95707 30653 



30680 
30708 
30736 



30763 
30791 
30819 
30846 
30874 
30902 



95389 
95380 
96372 



96363 
96354 
95345 
95337 
95328 
95319 



95310 
95901 
9529d 
95284 
55276 
95266 



96257 
95248 
96240 
96231 
95222 
95213 



95204 
96195 
95186 
95177 
95168 
95159 



30902 
30929 
30967 
30986 
31012 
31040 
31068 



31095 
31123 



31178 
31206 
31233 



31261 
31289 
31316 
31344 
31372 
31399 



31427 
31454 
.31482 
31510 
31537 
31566 



N^ine. 



95106 
95097 
95088 
96079 
95070 
95061 
95052 



95043 
95033 
95024 
95016 
96006 
94997 



94988 
94979 
94970 
94961 
94952 
94943 



94933 
94924 
94916 
94906 
94897 
94888 



31593 
31620 
31648 
31676 
31703 
31730 



31758 
31786 
31813 
31841 
31868 
31896 



31923 
31961 
31979 
32006 
32034 
32061 



32089 
32116 
32144 

32171 
32199 
32227 



32254 
32282 
32309 
32337 
32364 
32392 



95150 
i^6142 
95133 



N. «os. 



96116 
96106 



N.sine. 



324191 

32447 

32474 



95124 32502 



32529 
32557 



94878 
94869 
94860 
94851 
94342 
94832 



94823 
94814 
94805 
94795 
94786 
94777 



94768 
94758 
94749 
94740 
94730 
94721 



94712 
94702 
94693 
94684 
94674 
94665 



94656 
94646 
94637 
94627 
94618 
94609 



N. cos. 



32557 



32584 94542 



32612 
32639 
32667 



32694 94504 



33722 



32749 94485 



32777 
32804 
^832 
32859 
32887 



94599 
94590 
94580 
94571 
94661 
94552 



32914 
32942 
32969 
32997 
33024 
33061 



33079 
33106 
33134 
33161 
33189 
33216 



33244 
33271 
33298 
33326 
33353 
33381 



33408 
33436 
33463 
33490 
33518 
33545 



33573 
33600 
33627 
33655 
33682 
33710 



33737 
33764 
33792 
33819 
33846 
338741 



33901 
33929 
33956 
33983 
34011 
34038 



34065 
34093 
34120 
34147 
34175 



94552 



94533 
94525 
94514 



94495 



94476 
94466 
94457 
94447 
94438 



94428 
94418 
94409 
94399 
94390 
94380 



94370 
94361 
94351 
94342 
94332 
94322 



94313 
94303 
94293 
94284 
94274 
94264 



94254 
94245 
94235 
94225 
94215 
94206 



94196 
9418G 
94176 
94167 
94167 
94147 



94137 
94127 
94118 
9410^ 
94098 
94088 



94078 
94068 
94058 
94049 
94039 
94029 



94019 
94009 
93999 
93989 
93979 



342021 93969 



I 



73° 



I 



720 



N. cos.[N.sine. 

I no I 



N. cos.liN.8Uie.> M 



h 



60 
59 
58 
67 
66 
55 
54 



53 

52 
51 
50 
49 
48 



47 
46 
45 
41 

43 
42 



41 
40 
39 

3a 

37 

36 



35 
34 
33 
32 
31 
30 



^9 
28 
27 
26 
25 
24 



23 
22 
21 
20 
19 
18 



17 
16 
15 
14 
13 
12 



r 



10 
9 
8 
7 
6 



5 
4 

3 
2 
1 




70^ 



\ 











OF 


NATURAli SINES. 














^QO 


1 210 


1 22° 1 230 1 240 1 1 


M. 


N.sine. 


N. COS. 


N.sine. 


N. COS. 


N.sine. 


N. COS. 


N.sine. 


N. COS. 


N.sine. 


N.COS. 






1 


34202 


93969 


35837 


93368 


37461 


1 92718 


39073 


92050 


406741 


91355 


60 


1 


34229 


93969 


36864 


93348 


37488 


92707 


39100 


92039 


40700 


91343 


69 




2 


34267 


93949 


36891 


93337 


37616 


92697 


39127 


92028 


40727 


91331 


68 




3 


34284 


93939 


35918 


93327 


37642 


92686 


39163 


92016 


40763 


91319 


57 




4 


34311 


93929 


36946 


93316 


37669 


92676 


39180 


92006 


40780 


91307 


66 




S 


34339 


93919 


36973 


93306 


37596 


92664 


39207 


91994 


40806 


91296 


56 




6 


34366 


93909 


36000 


93296 


37622 


92663 


39234 


91982 


40833 


91283 


64 




7 


34393 


93899 


36027 


93286 


37649 


92642 


39260 


91971 


40860 


91272 


53 


8 


34421 


93889 


36064 


93274 


37676 


92631 


39287 


91969 


40886 


91260 


62 




9 


34448 


93879 


36081 


93264 


37703 


92620 


39314 


91948 


40913 


91248 


61 




10 


34476 


93869 


36108 


93263 


37730 


92609 


39341 


91936 


40939 


91236 


60 




11 


34603 


93869 


36136 


93243 


37767 


92698 


39367 


91925 


40966 


91224 


49 




12 


34630 


93849 


36162 


93232 


37784 


92587 


39394 


91914 


40992 


91212 


48 




13 


34657 


93839 


36190 


93222 


37811 


92676 39421 


91902 


41019 


91200 


47 


14 


34684 


93829 


36217 


93211 


37838 


92666 


39448 


91891 


41045 


91188 


46 




15 


34612 


93819 


36244 


93201 


37866 


92664 


39474 


91879 


41072 


91176 


46 




16 


34639 


93809 


36271 


93190 


37892 


92543 


39501 


91868 


41098 


91164 


44 




17 


84666 


93799 


36298 


93180 


37919 


92632 


39628 


91866 


41125 91152 


43 




18 


34694 


93789 


36325 


93169 


37946 


92621 


39656 


91846 


41161 


91140 


42 




19 


34721 


93779 


36362 


93159 


37973 


92610 


39581 


91833 


41178 


91128 


41 


20 


34748 


93769 


36379 


93148 


37999 


92499' 


39608 


91822 


41204 


91116 


40 




21 


34776 


93759 


36406 


93137 


38026 


92488 


39636 


91810 


41231 


91104 


39 




22 


34803 


93748 


36434 


93127 


38053 92477 


39661 


91799 


41267 


91092 


38 




23 


34830 


; 93738 


36461 


93116 


38080 


92466 


39688 


91787 


41284 


9108d 


37 




24 


34867 


93728 


36488 


93106 


38107 


92465 


39716 


91775 


41310 


91068 


36 




25 


34884 


93718 


36615 


93095 


38134 


92444 


39741 


91764 


41337 


91066 


35 


26 


34912 


93708 


36642 


93084 


38161 


92432 


39768 


91752 


41363 


91044 


34 




27 


34939 


93698 


36569 


93074 


38188 


92421 


39796 


91741 


41390 


91032 


33 




28 


34966 


93688 


36696 


93063 


38216 


92410 


39822 


91729 


41416 


91020 


32 




29 


34993 


93677 


36623 


93052 


38241 


92399 


39848 


91718 


41443 


91008 


31 




30 


36021 


93667 


36660 


93042 


38268 


92388 


39876 


91706 


41469 


90996 


30 




31 


35048 


' 93657 


36677 


93031 


38296 


92377 


39902 


91694 


41496 


90964 


29 


32 


36076 


93647 


36704 


93020 


38322 


92366 


39928 


91683 


41522 


$0972 


28 




33 


36102 


93637 


36731 


93010 


38349 


92366 


39955 


91671 


41649 


90960 


27 




34 


36130 


93626 


86768 


92999 


38376 


92343 


39982 


91660 


41576 


$0948 


26 




35 


35167 


93616/ 


36786 


92988 


38403 


92332 


40008 


91648 


41602 


90936 


25 




36 


36184 


93606 


36812 


92978 


38430 


92321 


40036 


91636 


41628 


90934 


24 




37 


36211 


93696 


36839 


92967 


38466 


92310 


40062 


91625 


41666 


909U 


23 


38 


36239 


93685 


36867 


92966 


38483 


92299 


40088 


91613 


41681 


90899 


22 




39 


36266 


93576 


36894 


92946 


38610 


92287 


40116 


91601 


41707 


90887 


21 




40 


36293 


93566 


36921 


92935 


38637 


92276 


40141 


91690 


41734 


90876 


20 




41 


36320 


93656 


36948 


92924 


38664 


92266 


40168 


91678 


41760 


90863 


19 




42 


35347 


93644 


36976 


92913 


38591 


92264 


40195 


91566 


41787 


90861 


18 




43 


35376 


93634 


37002 


92902 


38617 


92243 


40221 


91566 


41813 


90839 


17 


44 


36402 


93624 


37029 


92892 


88644 


92231 


40248 


91543 


41840 


90826 


16 




45 


36429 


93614 


37066 


92881 


38671 


92220 


40276 


91631 


41866 


90814 


15 




46 


35456 


93603 


37083 


92870 


38698 


92209 


40301 


91619 


41892 


90802 


14 




47 


36484 


93493 


37110 


92869 


88725 


92198 


40328 


91608 


41919 


90790 


13 




48 


36611 


^3483 


37137 


92849 


38762 


92186 


40366 


91496 


41946 


90778 


12 




49 


36638 


93472 


37164 


92838 


38778 


92175 


40381 


91484 


41972 


90766 


11 


50 


36666 


934^2 


37191 


92827 


38806 


92164 


40408 


91472 


41998 


90763 


10 


; 


51 


36692 


93462 


87218 


92816 


38832 


92162 


40434 


91461 


42024 


90741 


9 


k 


62 


36619 


93441 


37245 


92806 


38869 


92141 


40461 


91449 


42061 


90729 


a 




53 


36647 


93431 


37272 


92794 


38886 


$2130 


40488 


91437 


42077 


90717 


7 




54 


35674 


93420 


37299 


92784 


38912 


92119 


40514 


91425 


42104 


90704 


6 




55 


35701 


93410 


37326 


92773 


38939 


92107 


40541 


91414 


42130 


90692 


5 


56 


35728 


93400 


37363 


92762 


38966 


92096 


40667 


91402 


42156 


90680 


4 




57 


35766 


93389 


37380 


92751 


38993 


92086 


40594 


91390 


42188 


9066;8 


3 




68 


35782 


93379 


37407 


92740 


39020 


92073 


40621 


91378 


42209 


90665 


2 




59 


35810 


93368 


37434 


92729 


39046 


92062 


40647 


91366 


42236 


90643 


1 




60 


35837 


93368 


37461 


92718 


39073 


92060| 40674 


91356 


42262 


90631 









N. e09. 


N.sine. 


N. COS. 


N.sine. 


N. COS. N.sinc.!N. co»JN.slne.' 


N, COS. 


N.8ine. 


M. , 





69° 



680 



670 



66° 



650 



^ ■ > 



I, ,. .. 



OP NATURAL SINES. 



I 



25^ 



26° 



M. 




1 

2 
3 
4 
6 
6 



7 

8 

9 

10 

11 

12 



13 
14 
15 
16 
17 
18 



19 
20 
21 
22 
23 
24 



25 
26 
27 
28 
29 
30 



31 
32 
33 
34 
35 
36 



37 
38 
39 
40 
41 
42 



43 
44 
45 
46 
47 
48 



49 
50 
51 
52 
53 
54 



55 
56 
67 
58 
59 
60 



42446 
42473 
42499 
42525 
42652 
4257B 



N.sine. 



42262 
42288 
42315 
42341 
42367 
42394 
42420 



N. cos, 



42604 
42631 
42657 
42683 
42709 
42736 



42762 
42788 
42815 
42841 
42867 
42894 



42920 
42946 
42972 
42999 
43025 
43051 



43077 
43104 
43130 
43156 
43182 
43209 



43235 
43261 
43287 
43313 
43340 
43366 



43392 
43418 
43445 
43471 
4349*? 
43523 



43549 
43575 
43602 

43628 
43654 
43680 



43706 
43733 
43759 
43785 
43811 
43837 



N. COS. 



90631 
90613 
90606 
90594 
90582 
9056^ 
90557 



90545 
90532 
90620 
90607 
90496 
90483 



90470 
90458 
90446 
90433 
90421 
90408 



90396 
90383 
90371 
90358 
90346 
90334 



90321 
90309 
90296 
90284 
90271 
90259 



IS.sine.lN. cos. 



I 



270 I 



28° 



I 



290 



I 



438371 
43863 
43889 
43916 
43942 
43968 
43994 



44020 
44046 
44072 
44098 
44124 
44151 



44177 
44203 

44229 
44255 
44281 
44307 



44333 
44359 
44385 
44411 
44437 
44464 



90246 
90233 
90221 
90208 
90196 
90183 



90171 
90158 
90146 
90133 
90120 
90108 



44490 
44516 
44542 
44668 
44694 
44620 



44646 
44672 
44698 
44724 
44750 
44776 



44802 
44828 
44854 
44880 
44906 
44932 



90095 
90082 
90070 
90057 
90045 
90032 



90019 
90007 
89994 
89981 
89968 
89956 



89943 
89930 
89918 
89905 
89892 
89879 



44958 
44984 
45010 
45036 
45062 
45088 



45114 
45140 
46166 
45192 
45218 
45243 



N.8iiie. 



46269 
45296 
45321 
46347 
45373 
45399 



N. COS. 



89879 
89867 
89864 
89841 
89828 
89816 
89803 



89790 
89777 
89764 
89762 
89739 
89726 



89713 
89700 
89687 
89674 
89662 
89649 



N.sine. 



46399 
45425 
45461 
45477 
45603 
46629 
45654 



46680 
46606 
46632 
46668 
46684 
45710 



45736 
45762 
46787 
45813J 
45839 
45866 



89636 
89623 
89610 
89697 
89684 
896711 



N. cos.iN.sine. 
891011 46947 



N. cos, 



N^sine. JN. cos. 



89087 
89074 
89061 
89048 
89036 
89021 



89008 
88995 
88981 
88968 
88956 
88942 



88928 
88915 
88902 
88888 
88876 
88862 



89558| 
89545! 
896321 
896 19j 
89506! 
89493] 



46891 

45917 

46942 

45968: 

45994i 

46020 ; 

46046J 

460721 

46097! 

46123 

46149 

46176 



88848 
88835 
88822 
88808 
88795 
88782 



89480 
89467 
89454< 
89441 

89428} 
89415 



88768 
88765 
88741 
88728 
88715 
88701 



46201 

46226 

46252 

46278} 

46304! 

46330} 



88688 
88674 
88661 
88647 
88634 
88620 



894021 
89389 
89376! 
89363! 
89350 
89337; 



46355; 

463811 

46407 

46433 

46458 

46484 



893241 

89311 

89298 

89285 

89272 

89259 



89245 
89232 
89219 
89206 
89193 
89180 



46610 
46536 
46661 
46587 
46613 
46639 



46664 
46690 
46716 
46742 
46767 
46793 



89167 
89153 
89140 
89127 
891 14j 
891Q1 



N.8ine. 



46819 
46844 
46870 
46896 
46921 
46947 



88607 
88593 
88580 
88566 
88553 
88539 



88526 
88512 
88499 
88486 
88472 
88458 



88445 
88431 
88417 
88404 
88390 
88377 



N. COS. 



88363 
88349 
88336 
88322 
88308 
88296 



46973 
46999 
47024 
47050 
47076 
47101 



88296 
88281 
88267 
88264 
88240 
88226 
88213 



47127 
47153 
47178 
47204 
47229 
47256 



47281 
47306 
47332 
47358 
47383 
47409 



47434 
47460 
47486 
47511 
47537 
47562 



88199 
88185 
88172 
88168 
88144 
88130 



88117 
88103 
88089 
88076 
88062 
88048 



88034 
88020 
88006 
87993 
87979 
87965 



47688 
47614 
47639| 
47666 
47690i 
47716! 



87951 
87937 
87923 
87909 
87896 
87882 



47741, 
47767 
47793 
47818 
47844! 
47869 



47895 

479201 

47946 

47971 

47997 

48022 



87868 
87854^ 
87840 
87826 
87812 
87798 



87784 
87770 
87756 
87743 
87729 
87715 



48048 
48073 
48099 
48124 
48150 
48175 



48201 
48226 
48252 
48277 
48303 
48328^ 



87701 
87687 
87673 
87659 
87645 
87631 



87617 
87603 
87589 
87575 
87561 
87546 



N-sine. 



48354 
48379 
48405 
48430 
48456 
48481 



N. COS. 



878321 

87518 

875041 

87490 

87476 

87462 



48481 
48506 
48532 
48557 
48583 
48608 
48634 



48659 
48684 
48710 
48735 
48761 
48786 



48811 
48837 
48862 
48888 
48913 
48938 



48964 
48989 
49014 
49040 
49065 
49090 



49116 
49141 
49166 
49192 
49217 
49242 



49268 
49293 
49318 
49344 
49369 
49394 



87462 
87448 
87434 
87420 
87406 
87391 
87377 



87363 
87349 
87335 
87321 



6{ 

59 
58 
57 
56 
55 
51 



53 
5: 
51 
50 



87306 49 
87292 4S 



87278 
87264 
87250 
87235 
87221 
87207 



871931 
87178 
87164 
87150 
87136 
87121 



87107 
87093 
87079 
87064 
87050 
87036 



87021 
87007 
86993 
86978 
869641 
86949 



49419 
49445 
49470 
49495 
49521 
49546 



49571 
49596 
49622J 
49647 
49672 
496%7 



49723 
49748 
49773 
497S8 
49824 
49849 



49874 
49899 
49924 
49950 
49975 
50000 



N.sine.iN. cos. 



869351 
86921 
86906 
86892 
86878 
86863 



868491 

86834 

86820 

86805 

86791 

86T77 



86762 
86748 
86733 
86719 
86704 
86690 



866751 
■86661 
86646 
86632 
86617 
86603 



47 
46 
45 
44 
43 
4i 



41 
40 
39 
38 
37 
3« 



So 

33 

52 
31 
30 



29 
28 
27 
ft 

■; 

•4 



e3 

21 

20 
19 

17 
16 
15 
14 
13 
li 

TT 

M 
9 

t 
7 



N.sine. 



1 



640 



I 



63° 



1 



620 



i 



61<^ 



GOP 











OF NATimAL SINES. 












30° 1 Sio 1 32© 


330 340 


1 


M. 


N.siDe. 


N. COS. 
86603 


N.sine. 


N. COS. 


N.sine. N. cos. 


N-sine. 


N. COS. N.sine. 


N. COS. 







60000 


516041 


86717 


52992 84805 


64464 


83867 55919 


82904 


60 


1 


60026 


86688 


61629 


85702 


63017 


84789 


54488 


83851 


55943 


82887 


69 


2 


60060 


86673 


61664 


85687 


63041 


84774 


54513 


83835 


55968 


82871 


58 


3 


50076 


86659 


61679 


86672 


63066 


84759 


64537 


83819 


55992 


82856 


67 


4 


60101 


86644 


51604 


86657 


63091 


84743 


54561 


83804 


56016 


82839 


66 


6 


60126 


86630 


61628 


86642 


63115 


84728 


64586 


83788 


56040 


82822 


55 


6 


60151 


86616 


61653 


85627 


63140 


84712 


54610 


83772 


5G064 


82806 


54 


7 


60176 


^86601 


51 678 


85612 


53164 


84697 


64635 


88756 


56088 


82790 


53 


8 


60201 


86486 


51703 


05697 


63189 


84681 


54659 


83740 


66112 


82773 


62 


9 


60227 


86471 


61728 


86682 


63214 


84666 


64683 


83724 


56136 


82757 


61 


10 


60262 


86457 


51753 


86667 


63238 


84650 


64708 


83708 


56160 


82741 


60 


11 


60277 


86442 


61778 


86651 


63263 


84635 


64732 


83692 


56184 


82724 


49 


12 


60302 


86427 


51803 


86536 


63288 


84619 


64756 


83676 


56208 


82708 


48 


13 


60327 


86413 


61828 


86621 


63312 


84604 


64781 


8366U 


56232 


82692 


47 


14 


60362 


86398 


51852 


86606 


53337 


84588 


64805 


83646 


56256 


82676 


46 


15 


60377 


86384 


51877 


86491 


63361 


84573 


54829 


83629 


56280 


82659 


45 


16 


50403 


86369 


61902 


86476 


63386 


84657 


64854 


83613 


56305 


82643 


44 


17 


60428 


86364 


61927 


85461 


63411 


84642 


64878 


83597 


56329 


82626 


43 


18 


50463 


86340 


61952 


86446 


63435 


84526 


54902 


83581 


56353 


82610 


42 


19 


60478 


86325 


51977 


86431 


63460 


84611 


64927 


83565 


66377 


82593 


41 


20 


50603 


86310 


62002 


86416 


53484 


84496 


64951 


83549 


56401 


82577 


40 


21 


60628 


86296 


62026 


B5401 


63509 


84480 


64975 


83633 


56425 


82561 


39 


22 


60653 


86281 


62061 


85386 


63534 


84464 


64999 


83617 


56449 


82644 


38 


23 


60678 


86266 


52076 


86370 


53658 


84448 


66024 


83601 


66473 


82528 


37 


24 


60603 


86251 


52101 


86365 


63683 


84433 


65048 


83485 


66497 


82511 


36 


26 


60628 


86237 


62126 


86340 


63607 


84417 


66072 


83469 


66521 


82495 


35 


26 


60664 


86222 


52151 


86325 


63632 


84402 


56097 
55121 


83453 


56545 


82478 


34 


27 


60679 


86207 


52176 


86310 


63656 


84386 


83437 


56569 


82462 


33 


28 


50704 


86192 


62200 


85294 


63681 


84370 


65145 


83421 


56593 


82446 


32 


29 


50729 


86178 


62225 


85279 


63706 


84366 


66169 


83405 


66617 


82429 


31 


30 


60764 


86163 


62260 


86264 


63730 


84339 


65194 


83389 


66641 


82413 


30 


31 


60779 


86148 


62276 


86249 


63764 


84324 


65218 


83373 


56665 


82396 


29 


32 


50804 


86133 


62299 


86234 


63779 


84308 


66242 


83366 


66689 


82380 


28 


33 


60829 


86119 


52324 


86218 


63804 


84292 


65266 


83340 


56713 


82363 


27 


34 


60854 


86104 


62349 


86203 


53828 


84277 


66291 


83324 


56736 


82347 


26 


35 


60879 


86089 


62374 


86188 


53863 


84261 


66316 


83308 


56760 


82330 


25 


36 


60904 


86074 


62399 


86173 


63877 


84245 


66339 


83292 


56784 


82314 


24 


37 


60929 


86069 


62423 


86167 


63902 


84230 


66363 


83276 


66808 


82297 


23 


38 


50964 


86046 


62448 


86142 


63926 


84214 


66388 


83260 


66832 


82281 


22 


39 


50979 


86030 


62473 


86127 
86112 


63961 


84198 


66412 


83244 


66856 


82264 


21 


40 


61004 


86015 


62498 


63975 


84182 


66436 


83228 


56880 


82248 


20 


41 


61029 


86000 


62622 


85096 


64000 


84167 


66460 


83212 


56904 


82231 


19 


42 


51054 


86985 


62547 


86081 


64024 


84161 


66484 


83196 


66928 


82214 


18 


43 


61079 


86970 


52672 


86066 


64049 


84136 


56509 


83179 


66952 


82198 


17 


44 


51104 


86966 


62697 


86061 


64073 


84120 


66633 


83163 


56976 


82181 


16 


45 


51129 


86941 


62621 


86036 


64097 


84104 


65667 


83147 


67000 


82166 


16 


46 


61164 


86926 


62646 


86020 


54122 


84088 


66681 


83131 


67024 


82148 


U 


47 


61179 


86911 


62671 


86006 


64146 


84072 


66605 


83116 


67047 


82132 


13 


48 


61204 


86896 


62696 


84989 


64171 


84067 


56630 


83098 


67071 


82116 


12 


49 


61229 


86881 


62720 


84974 


64196 


84041 


66664 


83082 


67095 


82098 


11 


60 


51254 


S5866 


52746 


84969 


54220 


84026 


66678 


83066 


67119 


82082 


10 


61 


61279 


86861 


62770 


84943 


64244 


84009 


66702 


83060 


67143 


82066 


9 


62 \ 


51304 


86836 


62794 


84928 


64269 


83994 


66726 


83034 


67167 


82048 


8 


63 


61329 


85821 


52819 


84913 


64293 


83978 


66760 


83017 


67191 


82032 


7 


64 


51354 


86806 


52844 


84897 


64317 


83962 


55775 


83001 


67216 


82015 


6 


65 


61379 


86792 


62869 


84882 


64342 


83946 


65799 


82986 


67238 


. 81999 


6 


66 


61404 


86777 


52893 


84866 


64366 


83930 


65823 


82969 


67262 


81982 


4 


67 


51429 


86762 


62918 


84861 


64391 


83916 


65847 


82953 


67286 


81965 


3 


68 


61464 


86747 


62943 


84836 


64416 


83899 


65871 


82936 


67310 


81949 


2 


69 


51479 


86732 


62967 


84820 


64440 


83883 


65896 


82920 


67334 


81932 


1 


60 


61604 


86717 


52992 


84806 


64464 


83867 


66919 


82904 


57358 


81916 







W. COS. 


N.ftine. 


N. COS. 


N.8me.' 


N. COB. 


N.aine. 


N. COS. 


N.sine. 


N. COS. 


N.8ine. 


M. 



69° 



68O I 



570 



66° 



66° 



J L 



OF NATUBAL SINE8. 



1 1 


350 j 36° j 370 1 38° j 


390 


1 




1 M. 


N.sine. 


N. COS. 


N.sine. 


N. COS. 


N.sine. N. cos.| 


N.8ine. 


N. COS. 


N.8ine. 


N. COS. 









57358 


81915 


68779 


80902 


60182 


79864 


61666 


78801 


62932] 


77715 


60 




1 


57381 


81899 


.68802 


80885 


60205 


79846 


61689 


78783 


62956 


77696 


S3 




2 


57406 


81882 


58826 


80867 


60228 


79829 


61612 


78765 


62977 


77678 


.')8 




S 


57429 


81865 


68849 


80850 


60251 


79811 


61636 


78747 


63000 


776601 57 




4 


57463 


81848 


58873 


80833 


60274 


79793 


61658 


78729 


63022 


77641 


^ 




5 


57477 


81832 


68896 


80816 


60298 


79776 


61681 


78711 


63046 


776231 55 




6 


57501 


81815 


68920 


80799 


60321 


79768 


61704 


78694 


63068 


77605 


3* 


7 


57624 


81798 


58943 


80782 


60344 


79741 


617^6 


78676 


63090 


77686 


A3 




8 


57548 


81782 


68967 


80765 


60367 


79723 


61749 


78668 


63113 


77668 


32 




9 


57572 


81766 


68990 


80748 


60390 


79706 


61772 


78640 


63135 


77550 


3f 




10 


57596 


81748 


69014 


80730 


60414 


79688 


61795 


78622 


63168 


77531 


30 




11 


57619 


81731 


59037 


80713 


60437 


79671 


61818 


78604 


63180 


77513 


49 




n . 


57643 


81714 


59061 


80696 


60460 


79663 


61841 


78686 


63203 


T7494 


48 


13 


67667 


81698 


59084 


80679 


60483 


79635 


61864 


78668 


63226 


77476 


47 




14 


67691 


81681 


69108 


80662 


60606 


79618 


61887 


78650 


63248 


77458 


46 




15 


57715 


81664 


69131 


80644 


60529 


79600 


61909 


7853^ 


63271 


77439 


43 




16 


57738 


81647 


59164 


80627 


60653 


79583 


61932 


78614 


63293 


77421 


44 




17 


67762 


81631 


59178 


80610 


60676 


79666 


61955 


78496 


63316 


77402 


43 




18 


57786 


81614 


59201 


80593 


60699 


79547 


61978 


78478 


63338 


77384 


42 


19 


67810 


81697 


59225 


80576 


60622 


79630 


62001 


78460 


63361 


77366 


41 




50 


67833 


81680 


69248 


80558 


60646 


79512 


62024 


78442 


63383 


77347 


40 




21 


57857 


81563 


69272 


80541 


60668 


79494 


62046 


78424 


63406 


77329 


n9 




22 


57881 


81546 


69295 


80524 


60691 


79477 


62069 


78406 


63428 


77310 


38 




23 


57904 


81530 


69318 


80307 


60714 


79459 


62092 


78387 


63461 


77292 


37 




U 


.57928 


81613 


69342 


80489 


60738 


79441 


62116 


78369 


63473 


77273 


36 


25 


57952 


81496 


69365 


80472 


60761 


79424 


62138 


78331 


63496 


77255 


3.1 




26 


57976 


81479 


69389 


80465 


60784 


79406 


62160 


78333 


63618 


77236 


M 




27 


67999 


81462 


59412 


80438 


60807 


79388 


61^183 


78316 


63340 


77218 


33 




28 


58023 


81445 


69436 


80420 


60830 


79371 


62206 


78297 


63663 


77199 


32 




29 


68047 


81428 


59459 


80403 


60853 


79363 


62229 


78279 


63583 


77181 


31 




3D 


58070 


81412 


69482 


80386 


60876 


79335 


62251 


78261 


63608 


77162 


SO 


31 


58094 


81395 


69606 


80368 


60899 


79318 


62274 


78243 


63630 


77144 29 




32 


58118 


81378 


69529 


80351 


60922 


79300 


62297 


78226 


6365^ 


77125 


28 




33 


58141 


81361 


59552 


80334 


60945 


79282 


62320 


78206 


63673^ 


77107 


27 


1 


34 


68165 


81344 


59676 


80316 


60968 


79264 


62342 


78188 


63698 


77088 


26 




35 


58189 


81327 


69599 


80299 


60991 


79247 


62365 


78170 


63720 


77070 


25 




36 


58212 


81310 


59622 


80282 


61016 


79229 


62388 


78152 


63742 


77051 


24 
23 


37 


58236 


81293 


69646 


80264 


61038 


79211 


62411 


78134 


63766 


77033 




38 


58260 


81276 


69669 


80247 


61061 


79193 


62433 


78116 


63787 


77014 


22 




39 


58283 


81259 


69693 


80230 


61084 


79176 


62456 


78098 


63810 


76996 


21 




40 


68307 


81242 


59716 


80212 


61107 


79158 


62479 


78079 


63832 


76977 


20 




41 


58330 


81225 


69739 


80195 


61130 


79140 


62502 


7806*1 


63864 


76969 


19 




42 


58354 


81208 


59763 


80178 


61153 


79122 


62524 


78043 


63877 


76940 


18 


43 


68378 


81191 


59786 


80160 


61176 


79105 


62547 


78026 


63899 


76921 


-17 




44 


68401 


81174 


59809 


80143 


61199 


79087 


62570 


78007 


63922 


76903 


IS 




45 


68425 


81157 


59832 


80125 


61222 


79069 


62592 


77988 


63944 


76884 


15 




46 


68449 


81140 


69866 


80108 


61245 


79061 


62615 


77970 


63966 


76866 


14 




47 


58472 


81123 


69879 


80091 


61268 


79033 


62638 


77952 


63989 


76847 


13 




48 


58496 


81106 


59902 


80073 


61291 


79016 


62660 


77934 


64011 


76828 


12 


49 


68619 


81089 


59926 


80066 


61314 


78998 


62683 


77916 


64033 


76810 


11 




50 


58643 


81072 


59949 


80038 


61337 


78980 


62706 


77897 


64066 


76791 


10 




61 


58567 


81056 


59972 


80021 


61360 


78962 


62728 


77879 


64078 


76772 


9 




52 


58590 


81038 


59995 


80003 


61383 


78944 


62761 


77861 


64100 


76754 


8 




53 


58614 


81021 


60019 


79986 


61406 


78926 


62774 


77843 


64123 


76735 


7 




54 


68637 


81004 


60042 


79968 


61429 


78908 


62796 


77824 


64146 


76717 


6 


65 


58661 


80987 


60065 


79951 


61461 


78891 


62819 


77806 


64167 


76698 


5 




56 


68684 


80970 


60089 


79934 


61474 


78873 


62842 


77788 


64190 


76679 


4 




57 


68708 


80953 


60112 


79916 


61497 


78866 


62864 


77769 


64212 


76661 


3 




58 


58731 


80936 


60136 


79899 


61520 


78837 


62887 


77751 


64234 


76642 


2 




59 


58755 


80919 


60168 


79881 


61543 


78819 


62909 


77733 


64266 


76623 


1 




. 60 


68779 


80902 60182 


79864 


61566 


78801 


62932 


77716 


64279 


76604 




M. 
1 


|N. COS. 


N.sine.lN. cos. 


N.sine. 


N. cos. 


Nisine. 


N. cos. 


N.stne. 


N. cos. 


N.sitte. 






6^ 


to 


5; 


30 


6 


20 


1 * 


10 


1, « 


iP 



i.M^ 



rt.~ 



OP NATURAL SINES. 



1 


1 40O 1 41° 1 42<^ 1 43^ 1 440 


1 1 


M. 


]V.sme.,N. cos. 


N-sine. 


N. cos.,N.sine.,N. co8.,N.sine. 


N. cos. N.8me.,N. cos.| 









64279 


76604 


65606 


75471 


66913 


74314 


68200 


73135 


69466 


71934 


60 




1 


64301 


76586 


65628 


76452 


66936 


74295 


68221 


73116] 


69487 


71914 


69 




2 


64323 


76567 


65650 


75433 


66956 


74276 


68242 


73096 


69608 


71394 


68 




3 


64346 


76548 


65672 


75414 


66978 


74256 


68264 


73076 


69529 


71873 


67 




4 


64368 


76530 


65694 


76396 


66999 


74237 


68285 


73056 


69549 


71853 


66 




5 


64390 


76511 


65716 


75376 


67021 


74217 


68306 


73036 


69570 


71833 


66 




6 


64412 


76492 


65738 


75356 


67043 


74198 


68327 


73016 


69691 


71813 


64 




7 


64435 


76473 


65759 


75337 


67064 


74178 


68349 


72996 


69612 


71792 


53 




8 


64457 


76455 


66781 


75318 


67086! 74159 


68370 


72976 


69633 


71772 


62 




9 


64479 


76436 


6580^ 


75299 


67107 74139 


68391 


72967 


69664 


71752 


61 




10 


64501 


76417 


65825 


75280 


67129. 74120 


68412 


72937 


69676 


71732 


50 




11 


64524 


76398 


65847 


75261 


671^1 


74100 


68434 


72917 


69696 


71711 


49 




12 


64546 


76380 


65869 


75241 


67172 


74080 


68455 


72897 


69717 


71691 


48 




13 


64568 


76361 


65891 


75222 


67194 


74061 


68476 


72877 


69737 


71671 


47 




14 


64590 


76342 


65913 


75203 


67216 


74041 


68497 


72857 


69758 


71660 


46 




15 


64612 


76323 


66935 


75184 


67237 


74022 


68618 


72837 


69779 


71630 


46 




16 


64636 


76304 


65956 


7516^ 


67258 74002 


68639 


72817 


69800 


71610 


44 




17 


64657 


76286 


65978 


75146 


67280 


73983 


68561 


72797 


69821 


71690 


43 




18 


64679 


76267 


66000 


75126 


67301 


73963 


68582 


72777 


69842 


71569 


42 




19 


64701 


76248 


66022 


75107 


67323 


73944 


68603 


72767 


69862 


71549 


41 




20 


64723 


76229 


66044 


76088 


67344' 73924 


68624 


72737 


69883 


71529 


. 40 




21 


64746 


76210 


66066 


76069 


67366, 73904 


68645 


72717 


69904 


71608 


39 




22 


64768 


76192 


66088 


76050 


67387 


73885 


68666 


72697 


69925 


71488 


38 




23 


64790 


76 173 


66109 


75030 


67409 


73865 


68688 


72677 


69946 


71468 


37 




24 


64812 


76154 


66131 


75011 


67430 


73846 


68709 


72657 


69966 


71447 


36 




26 


64834 


76135 


66153 


74992 


67452 


73826 


68730 


72637 


69987 


71427 


36 




26 


64856 


76116 


66175 


74973 


67473 


73806 


68751 


72617 


70008 


71407 


34 




27 


64878 


76097 


66197 


74953 


67495 


73787 


68772 


72597 


70029 


71386 


33 




28 


64901 


76078 


66218 


74934 


67516 


73767 


68793 


72577 


70049 


71366 


32 




29 


64923 


76069 


66240 


74916 


67538 


73747 


68814 


72657 


70070 


71346 


31 




30 


64945 


76041 


66262 


74896 


67559 


73728 


68836 


r 72537 


70091 


71325 


30 




31 


64967 


76022 


66284 


74876 


67580 


73708 


68857 


72517 


70112 


71305 


29 




32 


64989 


76003 


66306 


74857 


67602 


78688 


68878 


72497 


70132 
7il53 


71284 


28 




33 


65011 


75984 


66327 


74838 


67623 


73669 


68899 


72477 


71264 


27 




34 


^5033 


75965 


66349 


74818 


67645 


73649 


68920 


72467 


70174 


71243 


26 




35 


65055 


75946 


66371 


74799 


67666 


73629 


68941 


72437 


70196 


71223 


25 




36 


66077 


75927 


66393 


74780 


67688 


73610 


68962 


72417 


70215 


71203 


24 




37 


65100 


75908 


66414 


74760 


67709 


73690 


68983 


72397 


70236 


71182 


23 




38 


65122 


75889 


66436 


74741 


67730 


73570 


69004 


72377 


70257 


71162 


22 




39 


65144 


75870 


66458 


74722 


67762 


73661 


69025 


72357 


70277 


71141 


21 




40 


65166 


75851 


66480 


74703 


67773 


73531 


69046 


72337 


70298 


71121 


20 




41 


65188 


75832 


66601 


74683 


67795 


73611 


69067 


72317 


70319 


71100 


19 




42 


65210 


76813 


66523 


74664 


67816 


73491 


69088 


72297 


70339 


71080 


18 




43 


65232 


75794 


66545 


74644 


67837 


73472 


69109 


72277 


70360 


71059 


17 




44 


66254 


75775 


66666 


74625 


67859 


73462 


69130 


72267 


70381 


71039 


16 




45 


65276 


75756 


66588 


74606 


67880 


73432 


69161 


72236 


70401 


71019 


16 




46 


66298 


75738 


66610 


74586 


67901 


73413 


69172 


72216 


70422 


70998 


14 




47 


66320 


76719 


66632 


74667 


67923 


73393 


69193 


72196 


70443 


70978 


13 




48 


66342 


75700 


66653 


74648 


67944 


73373 


69214 


72176 


70463 


70967 


12 




49 


65364 


75680 


66675 


74528 


67965 


73363 


69236 


72166 


70484 


70937 


11 




50 


66386 


75661 


66697 


74509 


67987 


73333 


69256 


72136 


70605 


70916 


10 




51 


66408 


76642 


66718 


74489 


68008 


73314 


69277 


72116 


70525 


70896 


9 




52 


66430 


76623 


66740 


74470 


68029 


73294 


69298 


7209i5 


70646 


70875 


8 




B3 


65462 


75604 


66762 


74461 


68051 


73274 


69319 


72075 


70667 


70865 


7 




54 


66474 


75586 


66783 


74431 


68072 


73254 


69340 


72056 


70687 


70834 


6 




55 


65496 


75566 


66805 


74412 


68093 


73234 


69361 


72035 


70608 


70813 


6 




> 56 


65618 


76547 


66827 


74392 


68116 


73216 


69382 


72015 


70628 


70793 


4 




57 


66640 


75628 


66848 


74373 


68136 


73195 


69403 


71996 


70649 


70772 


3 




58 


65662 


76509 


66870 


74353 


68157 


73176 


69424 


71974 


70670 


70752 


2 




59 


66684 


76490 


66891 


74334 


68179 


73155 


69445 


71964 


70690 


70731 


1 




60 


65606 


75471 


66913 


74314 


68200 


73135 


69466| 


71934 


70711 


70711 









S. COS. 


N.siiie. 


N. COS. N.sine.l 


N. COS. 


N.sine. 


N. cos.l 


N..sine. 


N. cos. 


N.sine. 


M." 




1 


49*>. ! 48° 1 470 ^ 46^" 1 46° 


[ I 



2 



. . .u» V ».rm^ 





Of Logaritfamic Sines, Tangents, and Secants to every Point and Quarter 




Point of tbe Compass. 




PQints. 


Sine. 


Co. sipe. 


Tangent. 


Co. tang. 


Secant. 


Co. secant. 







Ipf. i^eg. 


10.00000 


Inf. neg. 


Inlinite. 


10.00000 


Inlinite. 


8 




1 


8.69080 


9.99948 


8.69132 


11.30868 


10.00052 


11.30920 


U 




I 


8.99130 


9.99790 


8.99340 


11.00660 


10.00210 


11.00870 


7 




0| 


9.16652 


9.99527 


9.17125 


10.82876 


10.00473 


10.83348 


7| 

7 


1 


9.29024 


9.99157 


9.29866 


10.70134 


10.00843 


10.70976 




1 i 


9.88557 


9.9861^ 


9.39879 


10.60121 


10.01321 


10.61443 


61 




I { 


9.46282 


9.98088 


9.48194 


10.61806 


10.01912 


10.53713 


64 




If 


9.62749 


9.97384 


9.66366 


10.44635 


10.02616 X 10.47251 


6i 


■ %"■ 


9.68284 


9.96562 9.61722 


10.38278 


10.03438 


10.41716 


6 


« 


2 i 


9.63099 


9.95616 9.67483 


10.32511 


10.04384 


10.36901 


51 




2 § 


9.67339 


9.94543 


9.72796 


10.27204 


t 10.05457 


10.32661 


H 




2 1 


9.71106 


9.93335 


9.77770 


10.2223C 


1 10.06665 


10.28895 


5 


3 ^ 


9.74474 


9.91985 


9.82489 


10.17511 


10.08015 10.26526 




3 1 


9.776Q3 


• 9.90483 


9.87020 


10.12980 


1 10,09517- 10.22497 


4| 




3 1 


9.80236 


9.88819 


9.91417 


10.08682 


! 10.11181 


10.19764 


M 




3 1 


9.82708 


9.86979 


9.9575&' 


> 10.04271 


10.13021 


10.17292 


4 


4 


9.84949 


9.84949 


10.00000 lO.OOOOC 


) 10.15051 


10.16061 




Co. sine. 


Sine. 


Co. twg. Tangept 


Co. secant. 


Secant. 


Poicb. 


I 

• 




I^OGAKITHMS OF NUMBERS. 


No 


; 1 -^PO.^ Log.O.eoOOO-^— 2.00|D(i. 


N. 


Log. 


N. 


Log. 


N. 


Log.' 


^ N.' 


Log. 


•N. 


log- 


1 


0.00000 


'21 


1.32222 


41 


1.61278 


6J 


1.78533 


81 


l.SOW.^ 




2 


0.30103 


22 


1.34242 


42 


1.62325 


62 


1.79239 


82 


1.91381 




3 


0.47712 


23 


1.. 36173 


43 


1.63347 


63 


1,79934 


83 


i.9m^ 




4 


0.60206 


24 


1.38021 


44 


1.64345 


64 


1.80618 


84 


1.9il42S 




g 


0.69897 


25 


1.39794 


45 


1.65321 


65 


I.8I29I 


85 


1.9294i 


6 


0.77815 


26 


1.41497 


46 


1.66^76 


66 


1.81954 


86 


~1.934J(| 




7 


0.84510 


27 


1.43136 


47 


1.67210 


67 


1.82607 


87 


i.939oil 




3 


0.90309 


28 


1.44716 


48 


1.68124 


68 


1.83261 


88 


l.jmH 




9 


0.95424 


29 


1.46240 


49 


1 .69020 


69 


1.83886 


89 


1.949^! 
1.954-2- 




10 


I. 00000 


30 


1.47712 


50 


1.69897 


70 


1.84610 


90 


11 


1.04139' 


l3i 


1.49136 


5i 


1.70757 


71 


1.86126 


91 


1 .^h^y 




12 


1.07918 


32 


1.50515 


63 


1.71600 


72 


1.85733 


92 


1.9637 




13 


1.11394 


33 


1.51851 


63 


1.72428 


73 


1.86332 


93 


1.96S4 




14 


1.14^13 


34 


1.53148 


64 


1.73239 


74 


1.86923 


94 


1 .913\ 




15 


1.17609 


35 


1.54407 


66 


1.74036 


76 


1.87506 


95 


1.977- 


16 


1 .20412 


36 


1.55630 


" 66 


1.74819 


76 


1.88081 


96 


■ 1 .9iii. 




17 


1.23045 


37 


1.66820 


67 


f; 75587 


77 


1.88649 


97 


1 .91.1-1 




18 


1.25527 


38 


1.57978 


68 


1,76343 


78 


1.89209 


98 


i.9yi: 




19 


1.27875 


39 


1.59106 


69 


1.77086 


79 


1.89763 


99 


1.99J^ 




20 


1.30103 


40 1.60206 1 

1 


€0 


1.77816 


80 


1.90809 

^ ■ • 


100 


£.W» 


•w 








• 




* 















.'-/^ 











Logarithms of numbers. 




. * 




1 


No. 100-^ 


-IjSOO;-:. 


Log. OOOOO- 20412. | 




No. 





1 1 2 [ 3 4 


5 


6 7 


8 9 




lOO 


00000 


00043' 00087 00130 00173 


00217 


00260 00303 


<)0346l 00389 






lOi 


00432 


00475 


00518 


00561 


00604 


00647 


00689 


00732 


007751 00817 






102 


00860 


00903 


00945 


00988 


01030 


01072 


01115 


01157 


01199 01242 






103 


01284 


01326 


01368 


01410 


01452 


01494 


01536 


01578 


01620 01662 






104 


01703 


01746 


01787 


01828 


01870 


01912 


01953 


01996 


02036 


02078 




105 


02119 


02160 


02202 


02243 


02284 


02325 


02366 


02407 


02449 


02490 




106 


02531 


02572 


02612 


02663 


02694 


02735 


02776 


02816 


02857 


02898 


^ 




107 


02938 


02979 


03019 


03060 


03100 


03141 


03181 


03222 


03262 


03302 






108 


03342 
03743 


03383 


03423 


03463 


03503 


03543 03583| 


03623 


03663 


08703 






109 


03782 


03822 


03862 


03902 


03941 


03981 


04021 


04060 


04100 




110 


04139 


04179 


04218 


04258 


04297 


04336 


04376 


04415 


04454 


04493 




111 


04532 


04571 


04610 


04650 


04689 


04727 


04766 


04805 


04844 


04883 






lliS 


04922 


04961 


04999 


05038 


05077 


05115 


05154 


05192 


05231 


05269 






113 


05308 


05346 


05385 


05423 


05461 


05500 


05538 


05576 


05614 


05652 






114 


05690 


05729 


05767 


05805 


05843 


06881 


05918 


05956 


06994 


06032 




lid 


06070 


06108 


06145 


06183 


06221 


06258 


06296 


06333 


06371 


06408 




116 


06446 


06483 


06521 


06558 


06595 


06633 


06670 


06707 


06744 


06781 






117 


06819 


06856 


06893 


06930 


06967 


07004 


07041 


07078 


07116 


07161 






118 


07188 


07225 


07262 


07298 


07335 


07372 


07408 


07445 


07482 


07618 






119 


07555 


07591 


07628 


07664 


07700 


07737 


07773 


07809 


07846 


07882 




120 


07918 


07954 


07990 


08027 


08063 


08099 


08135 


08171 


08207 


08243 




121 


08279 


08314 


08350 


08386 


08422 


08458 


08493 


08529 


08565 


08600 






122 


08636 


08672 


08707 


08743 


08778 


08814 


08849 


08884 


08920 


08956 






123 


08991 


09026 


09061 


09096 


09132 


09167 


09202 


09237 


09272 


09307 






124 


09342 


09377 


09412 


09447 


09482 


09517 


09552 


09587 


09621 


09656 




125 


09691 


09726 


09760 


09795 


09830 


09864 


09899 


09934 


09968 


10003 




126 


10037 


10072 


10106 


10140 


10175 


10209 


10243 


10278 


10312 


10346 






127 


10380 


10415 


10449 


10483 


10517 


10551 


10585 


10619 


10653 


10687 






128 


10721 


10755 


10789 


10823 


10857 


10890 


10924 


10958 


10992 


11025 






129 


11059 


11093 


11126 


11160 


11193 


11227 


11261 


11294 


11327 


11361 




130 


11394 


11428 


11461 


11494 


11528 


11561 


11594 


11628 


11661 


11694 






131 


11727 


11760 


11793 


11826 


11860 


11893 


11926 


11959 


11992 


12024 






132 


12057 


12090 


12123 


12156 


12189 


12222 


12264 


12287 


12320 


12852 






133 


12385 


12418 


12450 


12483 


12516 


12548 


12581 


12613 


12646 


12678 






134 


12710 


12743 


12775 


12808 


12840 


12872 


12905 


12937 


12969 


13001 






135 


13033 


130G6 


13098 


13130 


13162 


13194 


13226 


13258 


13290 


13322 




136 


13354 


13386 


13418 


13450 


13481 


13513 


13545 


13677 


13609 


13640 






137 


13672 


13704 


13735 


13767 


13799 


13830 


13862 


13893 


13925 


13956 






138 


18988 


14019 


14051 


14082 


14114 


14145 


14176 


14208 


14239 


14270 






139 


14301 


14333 


14364 


14395 


14426 


14457 


14489 


14520 


14551 


14582 






140 


14613 


14644 


14675 


14706 


14737 


14768 


14799 


14829 


14860 


14891 




141 


14922 


14953 


14983 


15014 


15045 


15076 


15106 


16137 


15168 


15198 






142 


152^9^ 


15259 


15290 


15320 


15351 


15381 


15412 


16442 


15473 


15603 






143 


15534 


15564 


15594 


15625 


15655 


15685 


15716 


15746 


16776 


15806 






144 


15836 


15866 


15897 


15927 


15957 


15987 


16017 


16047 


16077 


16107 






145 


16137 


16167 


16197 


16227 


16256 


16286 


16316 


16346 


16376 


16406 




146 


16435 


16465 


16495 


16524 


16554 


16534 


16613 


16643 


16673 


16702 






147 


16732 


16761 


16791 


16820 


16850 


16879 


16909 


16938 


16967 


16997 






148 


17026 


17056 


17085 


17114 


17143 


17173 


17202 


17231 


17260 


17289 






149 


17319 


17348 


17377 


17406 


17435 


17464 


17493 


17522 


17551 


17580 






150 


17609 


17638 


17667 


17696 


17725 


17754 


17782 


17811 


17840 


n869 




151 


17898 


17926 


17955 


17984 


18013 


18041 


18070 


18099 


18127 


18156 






152 


18184 


18213 


18241 


18270 


18298 


18327 


18355 


18384 


18412 


18441 






153 


18469 


18498 


18526 


18554 


18583 


18611 


18639 


18667 


18696 


18724 






154 


18752 


18780 


18808 


18837 


18865 


18893 


18921 


18949 


18977 


19005 






165 


19033 


19061 


19089 


19117 


19145 


19173 


19201 


19229 


19257 


19235 




liiA 


19312 


19340 


19368 


19396 


19424 


19451 


19479 


19507 


19535 


19563 




lii7 


19590 


19618 


19645 


19673 


19700 


19728 


19756 


19783 


19811 


19838 






158 


19866 


19893 


19921 


19948 


19976 


20003 


20030 


20058 


20085 


20112 






159 


30140 



20167 


20194 


20222 


20249 


20276 


20303 


20330 


20368 


20386 


>«**■'■ 




iio. 


I i 


2 


3 


4 


5 


« 1 7 


8 1 9- 


^— i- 








■• 




A 




























LOGABITHMS OF K0MBSM. 












No. 1600- 


2200. 




Log. 20412 34241 






No. 





1 


2 


3 


4 


6 


6 


7 


8 


9 






160 


20412 


20439 


20466 


20493 


20620 


20548 


20676 


2O6O2I 


20629 


20656 




' 


161 


20683 


20710 


20737 


20763 


20790 


20817 


20844 


20871 


20898 


20925 








162 


20952 


20978 


21005 


21032 


21069 


21085 


21112 


21139 


21166 


2119S 








163 


21219 


21245 


21272 


21299 


21326 


21352 


21378 


21405 


21431 


21458 








164 


21484 


21511 


21537 


21664 


21690 


21617 


21643 


21669 


21696 


2172J 






165 


21748 


21775 


21801 


21827 


21864 


21880 


21906 


21932 


21958 


21985 








. 166 


22011 


22037 


22063 


22089 


22115 


22141 


22167 


22194 


22220 


22246 








167 


22272 


22298 


22324 


22350 


22376 


22401 


22427 


22453 


22479 


22505 








168 


22681] 


22567 


22683 


22608 


22634 


22660 


22686 


22712 


22737 


22763 








169 


22789 


22814 


22840 


22866 


22891 


22917 


22943 


22968 


22994 


23019 






170 


23045 


23070 


23096 


23121 


23147 


23172 


23198 


23223 


23249 


23274 








171 


23300 


23325 


23350 


23376 


23401 


23426 


23452 


23477 


23602 


23528 








172 


23553 


23578 


23603 


23629 


23664 


23679 


23704 


23729 


23754 


23779 








173 


23805 


23830 


23855 


23880 


23905 


23930 


23956 


23980 


24006 


24030 






1 


174 


24055 


24080 


24105 


24130 


24156 


24180 


24204 


24229 


24254 


24279 






175 


24304 


24329 


24353 


24378 


24403 


24428 


24452 


24477 


24502 


24527 






176 


24551 


24576 


24601 


24626 


24650 


24674 


24699 


24724 


24748 


24773 








177 


24797 


24822 


24846 


24871 


24895 


24920 


24944 


24969 


24993 


25018 








178 


25042 


25066 


25091 


25116 


25139 


26164 


26188 


25212 


26237 


25261 








179 


25285 


25310 


25334 


26358 


26382 


26406 


25431 


26455 


26479 


25503 






180 


25527 


25551 


25575 


26600 


25624 


25648 


26672 


26696 


26720 


25744 






181 


25768 


25792 


25816 


25840 


25864 


25688 


25912 


26936 


26969 


25983 








182 


26007 


26081 


26055 


26079 


26102 


26126 


26150 


26174 


26198 


26221 








183 


26245 


26269 


26293 


26316 


26340 


26364 


26387 


26411 


26436 


26458 








184 


26482 


26605 


26629 


26563 


26576 


26600 


26623 


26647 


26670 


26694 






185 


26717 


26741 


26764 


26788 


26811 


26834 


26858 


26881 


26906 


26928 






186 


26951 


26975 


269i98 


27021 


27045 


27068 


27091 


27114 


27138 


27161 




I / 




187 


27184 


27207 


27231 


27264 


27277 


27300 


27323 


27346 


27370 


27393 




• ■) ^ ^ '] 


188 


27416 


27439 


27462 


27486 


27508 


27531 


27554 


27577 


27600 


27623 




1 / ' 




189 


27646 


27669 


27692 


27715 


27738 


27761 


27784 


27807 


27830 


27852 




' -;. ■: 


190 


27875 


27898 


27921 


27944 


27967 


27989 


28012 


28035 


28058 


28081 




/ '! -: 




191 


28103 


28126 


28149 


28171 


28194 


28217 


28240 


28262 


28286 


28307 




■ /r^ 




192 


28330 


28353 


28376 


28398 


28421 


28443 


28466 


28488 


28511 


28533 








193 


28556 


28578 


28601 


28623 


28646 


28668 


28691 


28713 


28735 


28758 ; 


V 




194 


28780 


28803 


28826 


28847 


28870 


28892 


28914 


28937 


28969 


28981 


1 
1 




195 


290031 29026 


29048 


29070 


29092 


29115 


29137 


29159 


29181 


29203 








196 


29226 


2924ff 


29270 


29292 


29314 


29336 


29358 


29380 


29403 


29425 








197 


29447 


29469 


29491 


29513 


29536 


29557 


29579 


29601 


29623 


29645 




1 


198 


29667 


29688 


29710 


29732 


29754 


29776 


29798 


29820 


29842 


29863 








199 


29885 


29907 


29929 


29951 


29973 


29994 


30016 


30038 


30060 


30081 






• 200 ■ 


301031 30125 


30146 


30168 


30190 


30211 


30233 


30255 


30276 


30298 




^idOi 




201 


30320 


30341 


30363 


30384 


30406 


30428 


30449 


30471 


30492 


30514 ] 


i^vj 


. 


202 


30535 


30557 


30678 


30600 


30621 


30643 


30664 


30685 


30707 


30728 






203 


30750 


30771 


30792 


30814 


30835 


30856 


30878 


30899 


30920 


30942 1 


1 


* 

1 


204, 


30963 


30984 


31006 


31027 


31048 


31069 


31091 


31112 


31133 


31151 


1 




205 


31175 


31197 


31218 


31239 


31260 


312S1 


31302 


31323 


31346 


31366 


1 






206 


31387 


81408 


31429 


31450 


31471 


31492 


31513 


31584 


31665 


31576 i 




, 


207 


31597 


31618 


31639 


31660 


31681 


31702 


31723 


31744 


31766 


31785 






208 


31806 


31827 


31848 


31869 


31890 


31911 


31931 


31952 


31973 


31994 






209 


32015 


32035 


32056 


32077 


32098 


32118 


32139 


32160 


32181 


32201 






210 


32222 


32243 


32263 


32284 


32305 


32325 


32346 


32366 


32387 


32408 


1 






211 


32428 


32449 


32469 


32490 


32510 


32531 


31^552 


32572 


32693 


32613 






212 


32634 


32654 


32675 


32695 


32715 


32736 


32766 


32777 


32797 


32818 1 






213 


32838 


32858 


32879 


32899 


32919 


32940 


32960 


32980 


33001 


33021 1 






214 


33041 


33062 


33082 


33102 


33122 


33143 


33163 


33183 


33203 


33224 ' 




215 


33344 


33264 


33284 


333041 


33325 


33345 


33365 


33385 


33405 


33425^, 






216 


33445 


33465 


33486 


33606 


33526 


33546 


33566 


33586 


33Q06 


33626 






217 


33646 


33666 


33686 


33706 


33726 


33746 


33766 


33786 


33806 


338i6 






218 


33846 


33866 


33885 


33906 


33926 


33945 


33965 


33985 


84006 


34025 






219 


34044 


34064 


34084 


34104 


34124 


34143 


34163 


34183 


34203 


34223 1 




1 
I 


^o. 


1 


2 3 1 

* .... 


4 1 


5 


6 7*8 


9 ' 



-■-'. 









IfOOAUTHMB OF NmiBBlS. 








1 


No.il 


800 ^2800. 


Log. 


3424f .... i-*"""^ ■ 






V ■ *"• I 


Vo. 





I 


2 


» 


4 


6 6 


7 


8 


9 j 




120 


34242 


34262 


34282 


34301 


34321 


34341 34361 


343801 


34400 


34420 


221 


34439 


34459 


34479 


34498 


34618 


34537 


34667 


34577 


34596 


34616 




IZt 


34635 


34655 


34674 


34694 


34713| 


34732 


34763 


34772 


34792 


34811 




223 


34830 


34850 


34869 


34889 


34908 


34928 


84947 


34967 


34986 


35006 




124, 


35026 


35044 


35064 


36083 


85102 


36121i 


35141 


35160 


35180 


35199 




225 


35218 


35238 


35257 


35276 


36296 


35316 353341 


35353 


35372 


35392 


226 


35411 


35430 


35449 


35468 


35488 


35507 


36526 


35545 


35564 


35583 




227 


35603 


36622 


36641 


36660 


85679 


3569^ 36717 


35736 


36755 


35774 




228 


35793 


35813 


36832 


36851 


36870 


3688S 36908 


36927 


36946 


35965 




229 


35984 


36003 


36021 


36040 


36059 


36078 


36097 


36116 


36136 


36164 




230 


36173 


36192 


36211 


36229 


36248 


36267 


36286 


36306 


36324 


36342 


231 


36361 


36380 


36399 


36418 


36436 


36465 


36474 


36493 


36611 


36530 




232 


36549 


36568 


36586 


36605 


36624 


36642 


36661 


36680 


36698 


36717 




233 


;S(6736 


36754 


36T73 


36791 


36810 


3682S 


36847 


36866 


36884 


36903 




234 


36922 


36940 


36969 


36977 


36996 


37014 


37033 


37051 


37070 


37088 




235 


37107 


37126 


37144 


37162 


37181 


37199 


37218 


37236 


37254 


37273 


23e^ 


37291 


37310 


37328 


37346 


37365 


37383 


37401 


37420 


37438 


37467 




237 


37476 


37493 


37611 


37630 


37548 


37566 


37586 


37603 


37621 


37639 




238 


37658 


37676 


37694 


37712 


37731 


37749 


37767 


37785 


37803 


37822 




239 


37840 


37658 


37876 


37694 


37912 


37931 


37949 


37967 


37986 


38003 




240 


33021 


38039 


38067 


38075 


38093 


38112 


38130 


38148 


38166 


38184 


241 


38202 


38220 


38238 


38256 


38274 


38292 


383ld 


38328 


38346 38364 | 




242 


38383 


38399 


38417 


38435 


38453 


38471 


38489 


38607 


38625 


38643 




243 


38561 


38578 


38596 


38614 


38632 


38660 


38668 


38686 


38703 


38721 




244 


38739 


38767 


38776 


88792 


38810 


38828 


38846 


38863 


38881 


38899 




245 


38917 


38934 


38962 


38970 


38987 


39006 


39023 


39041 


39068 


39076 


246 


39094 


39111 


39129 


39146 


39164 


39182 


39199 


39217 


39236 


39252 




247 


39270 


39287 


39305 


39322 


39340 


39358 


39375 


39393 


39410 


39428 




248 


39445 


39463 


39480 


39498 


39516 


39533 


39650 


39568 


39585 


39602 




249 


39620 


39637 


39665 


39672 


39690 


39707 


39724 


39742 


39769 


39777 




250 


39794 


39811 


39829 


39846 


39863 


39881 


39898 


39915 


39933 


39950 


261 


39967 


39985 


40002 


40019 


4Q037 


40064 


40071 


40088 


40106 


40123 




252 


40140 


40167 


40175 


40192 


40209 


40226 


40243 


40261 


40278 


40295 




253 


40312 


40329 


40346 


40364 


40381 


40398 


40416 


40432 


40449 


40466 




254 


40483 


40500 


40518 


40^36 


40652 


40669 


40686 


40603 


40620 


40637 




255 


40654 


40671 


40688 


40706 


40722 


40739 


40756 


40773 


40790 


40807 


256 


40824 


40841 


40868 


40876 


40892 


40909 


40926 


40943 


40960 


40976 




257 


40993 


41010 


41027 


41044 


41061 


41078 


41095 


41111 


41128 


41146 




258 


41162 


41179 


41196 


41212 


41229 


41246 


41263 


41280 


41296 


41313 




259 


41330 


41347 


41363 


41380 


41397 


41414 


41430 


41447 


41464 


41481 




260 


41497 


41514 


41531 


41547 


41564 


41581 


41597 


41614 


41631 


41647 


261 


41664 


41681 


41697 


41714 


41731 


41747 


41764 


41780 


41797 


41814 




262 


41830 


41847 


41863 


41880 


41896 


41913 


41929 


41946 


41963 


41979 




263 


41996 


42012 


42029 


42045 


42062 


42078 


42096 


42111 


42127 


42144 




264 


42160 


42177 


42193 


42210 


42226 


42243 


42259 


42276 


42292 


42308 




265 


42326 


42341 


42357 


42374 


42390 


42406 


42423 


42439 


42466 


42472 


266 


42488 


42504 


42521 


42637 


42663 


42670 


42586 


42602 


42619 


42635 




267 


42661 


42667 


42684 


4270O 


42716 


42732 


42749 


42766 


42781 


42797 




268 


42813 


42830 


42846 


42862 


42878 


42894 


42911 


42927 


42943 


42969 




269 


42976 


42991 


43008 


43024 


43040 


43066 


43072 


43088 


43104 


43120 




270 


43136 


43152 


43169 


43185 


43201 


43217 


43233 


43249 


43265 


43281 


271 


43297 


43313 


43329 


43345 


43361 


43377 


43393 


43409 


43425 


43441 
4360O 




272 


43457 


43473 


43489 


43505 


43521 


43537 


43653 


43569 


43584 




273 


43616 


43632 


43648 


43664 


43680 


43696 


43712 


43727 


43743 


43759 




274 


43775 


43791 


43807 


43823 


43838 


43854 


43870 


43886 


43902 


439n 




276 


43933 
44091 


43949 


43965 


43981 


43996 


44012 


44028 


44044 


44059 


44075 


276 


44107 


44122 


44138 


44164 


44170 


44185 


44201 


44217 


44232 




277 


44248 


44264 


44279 


44295 


44311 


44326 


44342 


44358 


44373 


44389 




278 


44404 


44420 


44436 


44461 


44467 


44483 


44498 


44514 


4462S 


44545 




279 


44560 


44576 


44592 


44607 


44623 


44638 


44654 


4466S 


4468fi 


44700 


■. 


No. 


) 


1 


.2 


3 


14: 5 1 6 


7 


8 


9 



i 
I 





* 






ladeABtTlfMS OP NtJMBBlld* 


• 








No. 2800 —3400; 


Log. 4471 


a 


-ASI4A 


D 


^v«J**tO. 


■ 


No. 





1 


2 


3 4 


6 


6 


7 8 


9 


i 


280 


44716 


44731 


44747 


44762 44778 


44793 


44809 


448241 44840 


44855 


1 




281 


44871 


44886 


44902 


44917 


44932 


4494R 


44963 


44979 


44994 


45010 






282 


45026 


45040 


45056 


45071 


46086 


45102 


46117 


45133 


45148 


45163 






283 


45179 


45194 


45209 


46225 


45240 


46255 


46271 


45286 


45301 


45317 






!^84 


45332 


45347 


45362 


45378 


45393 


45408 


45423 


45439 


45454 


45469 




28d 


45484 


45500 


45515 


45530 


45545 


45561 


45576 


45591 


45606 


45621 






<286 


45637 


45652 


45667 


45682 


45697 


45712 


45728 


45743 


45758 


45773 






i87 


45788 


45803 


45818 


45834 


45849 


45864 


45879 


y45894 
^46045 


45909 


45924 






288 


45939 


45954 


45969 


45984 


46000 


46015 


46030 


4606O 


46075 






i89 


46090 


46105 


46120 


46135 


46150 


46165 


46180 


46196 


46210 


46225 




290 


46240 


46255 


46270 


46285 


46300 


46316 


46330 


46345 


46359 


46374 






291 


46389 


46404 


46419 


46434 


46449 


46464 


46479 


46494 


46509 


46623 






292 


46538 


46553 


46568 


46583 


46598 


46613 


46627 


46642 


46657 


46672 






293 


46687 


46702 


46716 


46731 


46746 


46761 


46776 


46790 


46805 


46820 




» 


294 


46835 


46850 


46864 


46879 


46894 


46909 


46923 


46938 


46953 


46967 




295 


46982 


46997 


47012 


47026 


47041 


47066 


47070 


47085 


47100 


47114 






296 


47129 


47144 


47159 


47173 


47138 


47202 


47217 


47232 


47246 


47261 




. 


297 


47276 


47290 


47305 


47319 


47334 


47349 


47363 


47378 


47392 


47407 




■ 


298 


47422 


47436 


47461 


47466 


47480 


47494 


47609 


47624 


47638 


47553 






299 


47567 


47582 


47596 


47611 


47625 


47640 


47654 


47669 


47683 


47698 




300 


47712 


47727 


47741 


47756 


47770 


47784 


47799 


47813 


47828 


47842 




! 


301 


47857 


47871 


47885 


47900 


47914 


47929 


47943 


47958 


47972 


47986 






302 


48001 


48015 


48029 


48044 


48058 


48073 


43087 


48101 


48116 


48130 






303 


48144 


48159 


48173 


48187 


48202 


48216 


48230 


48244 


48259 


48273 






304 


48287 


48302 


48316 


48330 


48344 


48359 


48373 


48387 


48401 


48416 




305 


48430 


48444 


48468 


48473 


48487 


48501 


48515 


48530 


48544 


48558 




■ 


306 


48572 


48586 


48601 


48615 


48629 


48643 


48657 


48671 


48686 


48700 






307 


48714 


48728 


48742 


48756 


48770 


48785 


48799 


48813 


48827 


48841 






308 


48855 


48869 


48883 


48897 


48911 


48926 


48940 


48954 


48968 


48982 






309 


48996 


49010 


49024 


49038 


49052 


49066 


49080 


49094 


49108 


49122 




310 


49136 


49150 


49164 


49178 


49192 


49206 


49220 


49234 


49248 


49262 






311 


49276 


49290 


49304 


49318 


49332 


49346 


49360 


49374 


49388 


49402 






312 


49415 


49429 


49443 


49457 


49471 


49485 


49499 


49513 


49527 


49541 






313 


49554 


49568 


49682 


49596 


49610 


49624 


49638 


49651 


49665 


49679 


' 




314 


49693 


49707 


49721 


49734 


49748 


49762 


49776 


49790 


49803 


49817 




315 


49831 


49845 


49859 


49872 


498(36 


49900 


49914 


49927 


49941 


49955 






316 


49969 


49982 


49996 


50010 


60024 


50037 


50051 


50066 


60079 


50092 






317 


50106 


50120 


60133 


50147 


60161 


60174 


60188 


50202 


50215 


60229 






318 


60243 


50256 


50270 


50284 


60297 


50311 


60325 


60333 


50352 


50365 






319 


60379 


50393 


50406 


60420 


60433 


50447 


50461 


50474 


50488 


50501 




320 


50515 


50529 


60542 


50556 


50569 


50683 


50596 


50610 


50623 


60637 






321 


50651 


50664 


60678 


50691 


60705 


50718 


50732 


50745 


60769 


50772 






322 


60786 


50799 


60813 


50826 


50840 


50853 


50866 


50880 


50893 


60907 






323 


50920 


50934 


60947 


50961 


50974 


50987 


51001 


51014 


61028 


51041 






324 


51055 


51068 


61081 


51095 


51103 


51121 


51135 


51148 


51162 


51175 




325 


61188 


51202 


51215 


51228 


51242 


61266 


51268 


51282 


51295 


51308 






326 


51322 


51335 


51348 


61362 


51375 


51388 


51402 


51415 


61428 


61441 




327 
328 


51455 


61468 


61481 


51495 


51508 


51621 


51534 


51548 


61561 


51574 




51587 


51601 


51614 


51627 


51640 


61654 


61667 


51680 


51693 


51706 






329 


61720 


51733 


51746 


51769 


51772 


61786 


51799 


51812 


51826 


51838 




330 


51851 


51865 


51878 


51891 


51904 


61917 


51930 


51943 


61957 


51970 






331 


61983 


61996 


52009 


62022 


62035 


62048 


52061 


52076 


52088 


52101 






332 


62114 


52127 


62140 


52153 


52166 


62179 


62192 


52205 


522i8 


62331 






333 


62244 


52257 


52270 


52284 


52297 


52310 


52323 


62336 


52349 


52363 






334 


52376 


62388 


52401 


524)4 


52427 


52440 


52453 


52466 


52479 


52492 




335 


62504 


52617 


52530 


52343 


62556 


52669 


62582 


52595 


52698 


62621 






336 


52634 


52647 


52660 


52673 


52686 


52699 


52711 


52724 


52737 


52750 






337 


52763 


52776 


52789 


52802 


62815 


52827 


52840 


62853 


52866 


62379 






338 


52892 


62905 


52917 


52930 


52943 


52956 


52969 


62982 


52994 


53007 






339 


53020 53933 


63046 


5305R 


53071 53084 


53097 53110 


53122 


53135 






No. 


1 


2 


3 


4 1 5 


6 7 


8 


9 1 


^ 



J.. 



- -r- 



'^i? I/l^'T aWA^ 



>.^^«ii 









LOGARITHMS OF NUMBERS. 








1 


No. 3400- 4000. Log. 53148 60206. | 


No. 


0,112 


3 1 4 


5 


6 1 7 


8 


9 




340 


r.3H^> 


53161 


63173 


53186! 63199 


53212 


532241 53237 


53260 


63263 




341 


63275 


53288 


53301 


63314 


53326 


53339 


63362 


53364 


53377 


53390 




342 


53403 


53415 


53428 


63441 


53463 


53466 


53479 


53491 


63604 


53517 




343 


53529 


53542 


53666 


53667 


53580 


53593 


53605 


63618 


53631 


53643 




344 


53656 


53668 


536dl 


53694 


63706 


53719 


53732 


53744 


53757 


53769 . 




345 


63782 


63794 


53807 


53820 


53832 


53845 


53857 


53870 


53882 


53895 


346 


5390g 


53920 


53933 


53945 


539581 


53970 


53983 


63995 


54008 


54020 




347 


64033 


54046 


54058 


54070 


64083 


64095 


54108 


54120 


54133 


54146 




348 


6415S 


54170 


64183 


5419di 


54208 


54220 


54233 


54245 


64258 


54270 




349 


64283 


54296 


54307 


5432q 


54332 


64345 


54357 


54^70 


64382 


54394 




350 


54407 


54419 


54432 


54444 


54456 


54469 


54481 


54494 


54506 


54518 


351 


64531 


54543 


54555 


54568 


.64580 


54693 


64606 


64617 


64630 


54642 




352 


64654 


54667 


54679 


54691 


54704 


54716 


64728 


54741 


54753 


54766 




353 


64777 


547901 


54802 


54814 


54827 


54839 


54861 


54864 


64876 


54888 




354 


64900 


54913 


54925 


54937 


54949 


54962 


54974 


54986 


54998 


55011 




355 


55023 


65036 


65047 


55060 


55072 


55084 


55096 


55108 


56121 


55133 


356 


65145 


55157 


55169 


55182 


55194 


55206 


66218 


55230 


65242 


55255 




357 


65267 


65279 


55291 


55303 


55315 


65328 


55340 


55352 


66364 


55376 




358 


65388 


55400 


65413 


65425 


56437 


55449 


66461 


56473 


55485 


55497 




359 


j55d0» 


55522 


65634 


65546 


55558 


56570 


56582 


65594 


55606 


55618 




360 


55630 


55642 


65654 


65666 


66678 


55691 


66703 


55715 


56727 


55739 


361 


66751 


55763 


66775 


55787 


55799 


55811 


55823 


56835 


55847 


55859 




362 


55871 


55883 


65895 


65907 


65919 


65931 


55943 


56956 


53967 


55979 




363 


55991 


56003 


66015 


56027 


56038 


56050 


56062 


56074 


56086 


56098 




364 


56110 


56122 


66134 


66146 


56158 


56170 


56182 


56194 


66205 


56217 




365 


56229 


66241 


56253 


56265 


A6277 


56289 


56301 


56312 


56324 


56336 


366 


56348 


56360 


56372 


56384 


50396 


56407 


56419 


56431 


56443 


56456 




367 


56467 


56478 


66490 


66502 


^32 


56526 


66538 


56549 


56561 


56573 




368 


56585 


66597 


56608 


66620 


56644 


56656 


56667 


56679 


56691 




369 


56703 


66714 


56726 


56738 


66750 


56761 


56773 


56786 


56797 


56808 




370 


56820 


56832 


66844 


a6855 


66867 


56879 


56891 


56902 


56914 


56926 


371 


66937 


56949 


56961 


66972 


66984 


56996 


^7008 


57019 


57031 


57043 


. 


372 


67054 


57066 


57078 


67089 


57101 


^7113 


67124 


57136 


67148 


^7169 




373 


67171 


67183 


67194 


67206 


67217 


67229 


67241 


^7252 


67264 


57276 




374 


67287 


67299 


67810 


67322 


67334 


67345 


57357 


67368 


57380 


^7393 




375 


67403 


57415 


57426 


67438 


57449 


574B1 


57473 


57484 


57496 


57507 


376 


67519 


67550 


67542 


67663 


67566 


67576 


67588 


^7600 


67611 


67623 




377 


57634 


67646 


67667 


57669 


^7680 


67692 


67708 


57715 


67726 


^7738 




378 


6T749 


67761 


57772 


^7784 


57795 


57807 


67818 


^7830 


67841 


57852 




379 


67864 


67876 


57887 


67898 


67910 


67921 


67933 


^7944 


^7965 


57967 




380 


57978 


67990 


68001 


58013 


68024 


68035 


68047 


68058 


58070 


58081 


381 


68092 


58104 


58115 


68127 


58138 


68149 


58161 


^8172 


^8184 


^8196 




382 


68206 


58218 


58229 


68240 


68252 


68263 


68274 


.>8286 


68297 


^8309 




383 


58320 


58331 


68343 


68354 


68365 


68377 


68388 


^8399 


68410 


^8423 




384 


68433 


58444 


58456 


58467 


68478 


68490 


68501 


^8512 


^8524 


^8535 




385 ' 


68546 


58557 


68569 


58680 


68591 


mo% 


58614 


68625 


58636 


58647 ' 


386 


68659 


58670 


58681 


68692 


68704 


58715 


68726 


68737 


58749 


68760 




387 


68771 


68782 


68794 


58806 


^8816 


68827 


66838 


^8850 


58861 


^8872 




388 


68883 


68894 


68906 


68917 


68928 


68939 


68950 


68961 


68973 


58984 




389 


68995 


69006 


69017 


69028 


69040 


69051 


69062 


59073 


69084 


69095 




390 


69106 


69118 


59129 


69140 


69151 


69162 


69173 


69184 


59195 


69207 


391 


69218 


59229 


69240 


69251 


69262 


69273 


59284 


69295 


69306 


69318 




39? 


69329 


69340 


69351 


59362 


69373 


59384 


69395 


69406 


69417 


^9428 




393 


69439 


59450 


69461 


59472 


69483 


69494 


69606 


69517 


69528 


69539 




394 


69550 


59561 


59672 


59583 


69594 


59605 


59616 


69627 


69638 


69649 




" 395 


69660 


59671 


69682 


59693 


59704 


69715 


59726 


69737 


69748 


^9759 


396 


59770 


59780 


59791 


59802 


59813 


59824 


59835 


59846 


69867 


69868 




397 


69879 


59890 


59901 


59912 


59923 


69934 


59946 


69956 


69966 


69977 




9^8 


69988 


59999 


60010 


60021 


60032 


60043 


60054 


60065 


60076 


60086 




399 


60097 


60108 


60119 


60130 


60141 


60162 


60163 


60173 


^0184 


^0196 




No. 





1 2 » 3 ' 4 


5 


6 


7 


. 8 1 


9 


^ f 






XT^ 


^ Ae\t\i\ 


A^a 


€\t\ 


LOGARITHMS OF NUMBERS. 


LiOfir. 


fXVmf^ 


66276. 




rii 


[). 400v— 
No. 


1 


% 3 


4 


5 


6 


7 ■ 8 


9 




400 


60206 60217 


60228 60239 


60249 


60260 


60271 


60282 60293 


60304 






401 


60314 


60325 


60336 


60347 


60358 


60369 


60379 


60390 


60401 


60412 




- 


402 


60423 


60433 


60444 


60455 


60466 


60477 


60487 


60498 


605091 .60520 | 






403 


60531 


60541 


60552 


60563 


60574 


60584 


60595 


60606 


60617 


60627 






404 


60638 


60649 


60660 


60670 


60681 


60692 


60703 


60713 


&fit^ 


60736 




405 


60746 


60756 


60767 


60778 


60788 


60799 


60810 


60821 


60831 


60842 






406 


60853 


60863 


60874 


60886 


60895 


60906 


60917 


60927 


60938 


60949 






407 


60959 


60970 


60981 


60991 


61002 


61013 


61023 


61034 


61045 


61065 






408 


61066 


61077 


61087 


61098 


61109 


€1119 


61130 


61140 


61151 


61162 






409 


61172 


61183 


61194 


61204 


61215 


61225 


61236 


61247 


61257 


61268 




410 


61273 


61289 


61300 


61310 


61321 


61331 


61342 


61352 


61363 


61374 






411 


61384 


61395 


61405 


61416 


61426 


61437 


61448 


61458 


61469 


61479 






412 


61490 


61500 


61511 


61621 


61532 


61542 


61553 


61563 


61574 


61684 






413 


61595 


61606 


61616 


61627 


61637 


61648 


61658 


61669 


61679 


61690 






414 


61700 


61711 


61721 


61731 


61742 


61752 


61763 


61773 


61784 


61794 




415 


61805 


61815 


61826 


61836 


61847 


61867 


61868 


61878 


61888 


61899 






416 


61909 


61920 


61930 


61941 


61951 


61962 


61972 


61982 


6199S 


62003 


1 




417 


62014 


62024 


62034 


62045 


62055 


62066 


62076 


62086 


62097 


62107 






418 


62118 


62128 


62138 


62149 


62159 


62170 


62180 


62190 


62201 


62211 






419 


62221 


62232 


62242 


62252 


62263 


62273 


62284 


62294 


62304 


62316 




420 


62325 


62335 


62346 


62356 


62366 


62377 


62387 


62397 


62408 


62418 






421 


62428 


62439 


62449 


62459 


62469 


62480 


62490 


62500 


62511 


62521 






422 


62531 


62542 


62552 


62662 


62572 


62583 


62593 


62603 


62613 


62624 






423 


62634 


62644 


62655 


62665 


62675 


62685 


62696 


62706 


62716) 62726 
62818 62829 






424 


62737 


62747 


62757 


62767 


62778 


62788 


62798 


62808 




425 


62839 


62849 


62859 


62870 


62830 


62890 


62900 


62910 


62921 


62931 






426 


62941 


62951 


62961 


62972 


6298;^ 


62992 


63002 


63012 


63022 


63033 






427 


63043 


63053 


63063 


63073 


63083 


63094 


63104 


63114 


63124 


63134 


T- 




428 


63144 


63155 


63165 


63175 


63185 


63196 


63205 


63215 


63225 63236 






429 


63246 


63256 


63266 


63276 


63286 


63296 


63306 


63317 


68327 


63337 




430 


63347 


63367 


63367 


63377 


63387 


63397 


63407 


63417 


63428 


63438 






431 


63448 


63458 


63468 


63478 


63488 


63498 


63508 


63518 


63528 


63638 






432 


63548 


63558 


63568 


63679 


63589 


63599 


63609 


63619 


63629 


63639 






433 


63649 


63659 


63669 


63679 


63689 


63699 


63709 


63719 


63729 


63739 






434 


63749 


63759 


63769 


63779 


63789 


63799 


63809 


63819 


63829 


63839 




435 


63849 


63859 


63869 


63879 


63889 


63899 


63909 


63919 


63929 


63939 






436 


63949 


63959 


63969 


63979 


63988 


63998 


64008 


64018 


64028 


64038 






437 


64048 


64058 


64068 


64078 


64088 


64098 


64108 


64118 


64128 


64137 






438 


64147 


64157 


64167 


64177 


64187 


64197 


64207 


64217 


64227 


64237 






439 


64246 


64256 


64266 


64276 


64286 


64296 


64306 


64316 


64326 


64335 




440 


mtm 


64356 


64365 


64376 


64385 


64395 


64404 


64414 


64424 


64434 






441 


64444 


64454 


64464 


64473 


64483 


64493 


64503 


64513 


64523 


64532 






442 


«4^2 


64552 


64562 


64572 


64582 


64591 


64601 


64611 


64621 


64631 






443 


64640 


64650 


64660 


64670 


64680 


64689 


64699 


64709 


64719 


64729 






444 


64738 


64748 


64768 


64768 


64777 


64787 


64797 


64807 


64816 


64826 




445 


64836 


64846 


64856 


64865 


64875 


64886 


64895 


64904 


64914 


64924 






446 


64933 


64943 


64953 


64963 


64972 


64982 


64992 


65002 


66011 


65021 






447 


65031 


65040 


65050 


65060 


65070 


65079 


65089 


65099 


65108 


65118 






448 


65128 


65137 


65147 


66167 


65167 


65176 


65186 


65196 


65205 


65215 






449 


66225 


65234 


65244 


66254 


65263 


65273 


65283 


65292 


66302 


65312 




450 


65321 


65331 


65341 


66350 


66360 


65369 


65379 


65389 


65398 


65408 






451 


65418 


65427 


65437 


65447 


65456 


66466 


65476 


65485 


65495 


65504 






452 


65514 


65523 


65533 


65643 


66652 


66562 


65671 


65681 


65591 


65600 






453 


65610 


65619 


66629 


66639 


65648 


66658 


66667 


65677 


66686 


65696 






454 


65706 


65716 


66725 


65734 


65744 


65753 


66763 


65772 


66782 


65792 




455 


65801 


66811 


6582(^ 


65830 


65839 


66849 


66858 


65668 


65877 


65887 






456 


65896 


^bm^ 


66916 


66926 


6*^035 


65944 


65954 


65963 


66973 


65982 






457 


65992 


66001 


66011 


66020 


66uac 


66039 


66049 


66058 


66068 


66077 






458 


66087 


66096 


66106 


66115 


661:i!4 


£161^^ 


66143 


66153 


66162 


66172 






459 


66181 


66191 


66200 


66210 


66219 


66229 


66238 


66247 


66257 


66266 




No. 





1 


2 


3 


4 5 


6 


1 *7 f 8 


9 



/-'-- 



'•r ■ 




LOGARITHMS OF NI7MBXBS. 



No. 4606 6J00 


• 




Log. 66276 71600. | 






No. 


1 


1 


2 


3 


4 1 


5 6 


7 t 8 


9 






460 


1 66276 


66285 


66295 


66304 


66314 


663231 66332 


6634.2I 66351 


66361 






461 


663701 


66380 


66389 


66398 


66408 


66417 


66427 


66436 


66445 


66455 








462 


66464 


66474 


66483 


66492 


66502 


66511 


66521 


66530 


66539 


66549 




i 




463 • 


66558 


66567 


66577 


66586 


66596 


66605 


66614 


66624 


66633 


66642 








464 ' 


66652 


66661 


66671 


66680 


66689 


66699 


66708 


66717 


66727 


66736 




i 


465 


66745 


66755 


66764 


66773 


66783 


66792 


66801 


66811 


66820 


6CS29 


I 




466 


66839 


66848 


66857 


66867 


66876 


66885 


66894 


66904 


66913 


66922 








467 


66932 


66941 


66950 


66960 


66969 


6697ft 


66987 


6G997 


67006 


67015 








468 


67025 


67034 


67043 


67052 


67062 


67071' 


67080 


67089 


67099 


67108 




1 




469 


67117 


67127 


67136 


67145 


67144 


67164] 


67173 


67182 


67191 


67201 






470 


67210 


67219 


67228 


67237 


67247 


67256 


67265 


67274 


67284 


67293 ^^ 






471 


67302 


67311 


67321 


67330 


67339 


67348 


67357 


67367 


67376 


67385 








472 


67394 


67403 


67413 


67422 


67431 


67440 


67449 


67459 


67468 


67477 








473 


67486 


67495 


67504 


67514 


67623 


67532 


67541 


67550 


67560 


67689 








474 


67578 


€7587 


67596 
67688 


67605 


67614 


67624 


67633 


67642 


67651 


67660 






475 


67669 


67679 


67697 


67706 


67715 


67724 


67733 


67742 


67752 






476 


67761 


67770 


67779 


67788 


67797 


67806 


67815 


67825 


67834 


67843 








477 


€7852 


67861 


67870 


67879 


67888! 


67897 


67906 


67916 


67925 


67934 








478 


67943 


67952 


67961 


67970 


67979 


67988 


67997 


68006 


68015 


68024 








479 
480 


68034 


68043 


68052 


68061 


68070 


68079 


68088 


68097 


68106 


68115 






68124 


68133 


68142 


68151 


68160 


68169 


68178 


68187 


68)96 


68205 






481 


68215 


68224 


68233 


68242 


68251 


68260 


63269 


68278 


68287 


68296 








48S 


68305 


68314 


66323 


68332 


68341 


68050 


68359 


68368 


68377 


68386 








483 


68395 


68404 


68413 


68422 


68431; 


6844<> 


68449 


68458 


68467 


68476 




$ 


- 


484 


68485 


68494 


68502 


685U 


68520 


68529 


685381 


68547 


68556 


68565 




\ 


485 


68574 


68583 


68592 


68601 


68610 


68619 


68628 


68637 


68646 


68655 






486 


68664 


68673 


68681 


68690 


68699 


68708 


68717 


68726 


68735 


68744 








487 


^753 


68762 


68771 


68780 


68789 


68797 


68806 


68815 


68824 


68833 








488 


68842 


68851 


68860 


68869 


63878 


68886 


68895 


63904 


68913 


68922 








489 


68931 


68940 


68949 


68958 


68966 


68975 


68984 


68993 


69002 


69011 






490 


69020 


69028 


69037 


69046 


69055 


69064 


69073 


69082 


69090 


69099 






491 


6910a 


69117 


69126 


69135 


69144 


69152 


69161 


69170 


69179 


69188 








432 


69197 


69205 


69214 


69223 


69232 


69241 


69249 


69258 


69267 


69276 








493 


69285 


69294 


69302 


69311 


69320 


69329 


69338 


69346 


&S^b 


69364 








494 


69373 


69381 


69390 


69399 


69108 


69417 


69425 


69434 


69443 


69452 






495 


69461 


69469 


69473 


69487 


69496 


69504] 


69513 


69522 


69531 


69539 






496 


69548 


69567 


69566 


69574 


69583 


^2bQ^ 


69601 


69609 


69618 


69627 








497 


69636 


69644 


69653 


69662 


69671 


69679 


696C8 


69697 


69706 


69714 


■ 


■ 




498 


69723 


69732' 


69740 


69749 


69758 


69767 


69775 


69734 


69793 


69801 








499 


69810 


69819 


69827 


69836 


69845 


69854 
69940 


69862 


69871 


69880 


69888 






dUU 


69897 


69!H)6 


69914 


69923 


69932 


69949 


69958 


69966 


69975 






501 


69SI84 


69992 


70001 


70010 


70018 


70027 


70036 


70044 


70053 


70062 








502 


70070 


70079! 


70088 


70096 


70105 


70114 


70122 


70131 


70140 


70148 








503 


70157 


70165 


70174 


70183 


70191 


70200 


70209 


70217 


70226 


70234 








504 


70243 


70252 


70260 


70269 


70278 


70286 


70295 


70303 


70312 


70321 






505 


70329 


70338 


70346 


70355 


70364 


70372 


70381 


70389 


70398 


70406 






506 


70415 


70424, 


70432 


70441 


70449 


70458 


70467 


70475 


70484 


70492 








607 


70501 


70509 


70518 


70626 


70535 


70544 


7055^ 


70561 


70569 


70578 








508 


7QS86 


70695 


70603 


70612 


70631 


70t>29 


70638 


70646 


70655 


70663 








509 


70672 


70680 


70689 


70697 


70706 


70714 


70723 


70731 


70740 


70749 






510 


70757 


70766 


70774 


70783 


70791 


70800 


70808 


70817 


70825 


70834 






511 


70842 


70851 


70859 


70868 


70876 


70885 


70893 


70902 


70910 


70919 






6\t 


70927 


T0935 


7094^1 


70952 


70961 


70969 


70978 


70986 


70995 


71003 


\ 




513 


71012 


71020 


71029 


71037 


71046 


71054 


71063 


71071 


71079 


71088 








514 


71096 


71105 


71113 


71122 


71130 


71139 


71147 
7123J 


71155 


71164 


71172 








515 


71181 


711«9 


71198 


71206 


71214 


71223 


71240 


71248 


71257 






516 


71265 


71273 


71282 


71290 


71299 


71307 


71315 


71324 


71332 


71341 : 






517 


71349 


71357 


71366 


71374 


71383 


71391 


71399 


714081 71416 


71425 






518 


71433 


714^^1 


71450 


71458 


71466 


71475 


71483 


71492' 71500 


71508 








519 ' 


71517 


71525 


71533 


71642 

3 i 


71550 


71559 


71567 


71575! 71584 


71592 






^, _ 


No. i 





1 


2-. 


4 1 


6 


6 7 18 1 


9 


1 


i 











LOGARITHMS Or NUMBERS. 








Wo. 5200 


— 6800. 


Log. 71660 76345. 




No. 





1 


% 


3 


4 


6 


6 


7 


8 


9 


520 


71600 


71609 


71617 


7162^ 


7]i$34 


71642J 


71650 


71669 


71667 


71676 




521 


71684 


71692 


71700 


71709 


71717 


71725 


71734 


71742 


717S0 


71789 




622 


71767 


71775 


71784 


71792 71800 


71809 


71817 


71825 


71834 


71842 




523 


71850 


71858 


71867 


71875 71883 


71892 


71900 


71908 


71917 71925 | 




524 


71933 


71941 


71950 


71958 


71966 


71976 


71983 


71991 


719d9 


72008 1 


525 


72016 


72024 


72032 


72041 


72049 


72057 


72066 


72074 


720il« 72090 




526 


72099 


72107 


72115 


72123 72182 


72140 


721481 7215^ 


72l6d 72173 




527 


72181 


72189 


72198 


72206 


72214 


72222 


72230 


1 72239 


72247 


72255 




528 


72263 


72272 


72280 


72288 72296 


72304 


72313 


72321 


72329 


72337 




529 


72346 


72354 


72362 


72370 


72378 


72387 


72395 


72403 


724U 


72419 


530 


72428 


72436 


72444 


72452 


72460 


72469 


72477 


72486 


72483 72601 




631 


72309 


72518 


72526 


72334 


72642 


72560 


72658 


72567 


72OT5 72583 




532 


72591 


72599 


7260T 


72616 


72624 


72632 


72640 


72648 


72656 


72665 




533 


72673 


72681 


72689 


72697 


72705 


72713 


72722 


72730 


72738 


72746 




534 


72754 


72762 


72770 


72779 


72787 


72795 


72803 


72811 


728I§ 


72827 


535 


72836 


72843 


72852 


72850 


72868 


72876 


72884 


72892 


7290^ 


72908 




536 


72916 


72925 


72933 


72941 


72949 


72957 


72966 


72973 


72981 


72989 




537 


72997 


73006 


73014 


73022 


73030 


73038 


73046 


73054 


736eft 


73070 


i 


538 


73078 


73086 


73094 


73102 


73111 


73119 


73127 


73135 


73143 


73131 


1 

* 


539 


73159 


73167 


73175 


73183 


73191 


73199 


73207 


73215 


7322^ 


73231 


540 


73239 


73247 


73253 


73263 


73272 


73280 


73288 


73296 


73304 


73312 




541 


73320 


73328 


73336 


73344 


73352 


73360 


73368 


73376 


733841 73392 | 




542 


73400 


73408 


73416 


73424 


73432 


73440 


73448 


73456 


^3464 


73472 




543 


73480 


73488 


73496 


73504 


73512 


73520 


73528 


73536 


73544 


73562 




544 


73560 


73568 


73576 


73584 


73592 


73600 


73608 


73616 


7362^ 73632 


545 


7364(1 


73648 


73656 


73664 


73672 


73679 


73687 


73695 


737031 73711 




546 


737191 


73727 


73736 


73743 


73751 


73759 


73767 


73775 


73783 


73791 




547 


73799 


73807 


73815 


73823 


73830 


73838 


78846 


73854 


7386S 


73870 




548 


73878 


73886 


73894 


73902 


73910 


73918 


73926 


73933 


73941 


73949 




549 


73957 


73965 


73973 


73981 


78989 


73997 


74005 


74013 


74010 


74028 


550 


74036 


74044 


740^2 


74060 


74068 


74076 


74084 


74092 


74099 


74107 




551 


74115 


74123 


74131 


74139 


74147 


74i55 


74162 


74170 


74178 


74186 




552 


74194 


74202 


74210 


74218 


74225 


74233 


74241 


74S49 


74257 


74265 




553 


74273 


74280 


74288 


74296 


74304 


74312 


74320 


74327 


74335 


74343 




554 


74351 


74359 


74367 


74374 


74382 


74390 


74398 


74406 


74414 


74421 


555 


74429 


74437 


74445 


74453 


74461 


74468 


74476 


74484 


7449« 


74500 




556 


74507 


74515 


74523 


74631 


74539 


74547 


74554 


74562 


74!m 


74676 




557 


74586 


74593 


74601 


74609 


74617 


74624 


74632 


74640 


7464« 


74666 




558 


74663 


74671 


74679 


74687 


74695 


74702 


74710 


74718 


747S6 


74733 




559 


74741 


74749 


74737 


74764 


74772 


74780 


74788 


74796 


74803 


74811 


560 


74819 


74827 


74834 


74842 


74850 


74868 


74865 


74873 


74881 


74889 




561 


74896 


74904 


74912 


74920 


74927 


74936 


74943 


74950 


74958 


74966 




562 


74974 


74981 


749S9 


74997 


75005 


76012 


75020 


75028 


75035 


75043 




563 


75051 


75059 


75066 


75074 


75082 


75089 


75097 


75105 


75113 


75120 




564 


75128 


75136 


75143 


76151 


75159 


75166 


75174 


75182 


75189 


75197 


565 


75205 


75213 


76220 


73228 


75236 


75243 


75251 


75259 


76266 


75274 




566 


75282 


75289 


7^297 


75305 


75312 


75320 


75328 


75335 


75843 


75361 




567 


75358 


75366 


75374 


75381 


75389 


76397 


76404 


75411^ 


754S0 


76427 




568 


7543^ 


75442 


75450 


75458 


75465 


75473 


76481 


76488 


75496 


75604 




569 


75511 


75519 


75526 


75534 


75642 


76549 


76557 


76565 


75572 


73580 


570 


75587 


75596 


75603 


75610 


75618 


76626 


75633 


75641 


75648 


75666 




571 


75664 


75671 


76679 


76686 


75694 


76702 


75709 


75717 


76724 


76732 




572 


75740 


75747 


75765 


75762 


75770 


75778 


75786 


75798 


75800 


75808 




573 


75815 


75823 


75831 


75838 


75846 


76853 


76861 


75868 


75876 


ISSM 




574 


75891 


75899 


76906 


75914 


75921 


75929 


75937 


75944 


75958 


75969 


575 


75967 


75974 


75982 


75989 


75997 


76005 


76012 


76020 


76027 


76035 




576 


76042 


76050 


76067 


76065 


76072 


76080 


76087 


76095 


76103 


76110 


577 


76118 


76125 


76133 


76140 


76148 


76155 


76163 


76170 


76178 


76185 


678 


76193 


76200 


76208 


76215 


76223 


76230 


76238 


76245 


76253 


76SG0 




579 


76268 


76275 


76283 


76290 


76298 


76306 


76313 


76320 


763S8I 76335 




No. 





1 


2 


3 


4 


5 


6 


7 


« — »-^ 



>>«i ^ 






LOOAKITHKI OP NUMBCU. 











. LOOARITHM 8 OF NUMBERS. 










No. 6400. —7000. 








Log. 80618— ^84510. 




No. 





1 


2 


3 


'4 


5 


6 


7 


8 [ 9 




640 


80618 


80625 


80632 


80638 


i 80645 


80652 


80659 


80665 


80672 80679 






641 


80686 


80693 


^0699 


80706 


80713 


80720 


80726 


80733 


80740 


80747 






642 


80754 


80760 


80767 


80774 


80781 


80787 


80794 


80801 


80898 


80814 






643 


80821 


80828 


80836 


80841 


80348 


80855 


80862 


80868 


80875 


80882 






644 


80889 


80895 


80902 


80909 


80916 


80922 


80929 


80936 


8094S 


80949 




645 


80966 


80963 


80969 


80976 


80983 


80990 


80996 


81003 


81010 


81017 






646 


81023 


81030 


81037 


81043 


31060 


81057 


81064 


81070 


81077 


81084 






647 


81090 


81097 


81104 


81111 


81117 


81124 


81131 


81137 


81144 


81151 






648 


81158 


81164 


81171 


81178 


81184 


81191 


81198 


81204 


81211 


81218 






649 


81234 


81231 


81238 


81245 


81251 


81258 


81265 


81271 


81278 


81285 




660 


81291 


; 81298 


81305 


81311 


81318 


81325 


81331 


81338 


8;1345 


81351 






6i)l 


81358 


8136^) 


81371 


81378 


81385 


81391 


81398 


81405 


81411 


81418 






652 


81425 


81431 


81433 


81445 


81451 


81458 


81465 


81471 


81478 


81485 






653 


81491 


81498 


81505 


81511 


81518 


81525 


81531 


81538 


81544 


81551 






654 


81558 


81564 


81571 


81578 


81584 


81591 


81598 


81604 


81611 


81617 




655 


81624 


81631 


81637 


81644 


81651 


81657 


81664 


81671 


81677 


81684 






656 


81690 


81697 


81704 


81710 


81717 


81723 


81730 


81737 


81743 


81750 






657 


81757 


81763 


81770 


81776 


; 81783 


81790 


81796 


81803 


81809 


81816 






658 


81823 


81829 


81836 


ai842 


81849 


81856 


81862 


81869 


&1875 


81882 






659 


81889 


81895 


81902 


81908 


81915 


81921 


8|p28 


81935 


81941 


81948 




660 


81954 


81961 


81968 


31974 


81981 


81987 


81994 


82000 


I 82007 


82014 






661 


82020 


82027 


82033 


82040 


82046 


82053 


82060 


82066 


' 82073 


83079 






662 


82086 


82092 


82099 


82105 


82112 


82119 


82125 


82132 


I 8213S 


82145 






663 


82151 


82158 


82164 


82171 


82178 


82184 


82191 


82197 


1 82204 


82210 






664 


82217 


82223 


82230 


82236 


82243 


82249 


82256 


82263 


82269 


82276 


N 


665 


82282 


82289 


82295 


82302 


82308 


82315 


82321 


82328 


^ 82334 


82341 




666 


82347 


82354 


82360 


82367 


82373 


82380 


82387 


82393 


82400 


82406 


< 




667 


82413 


82419 


82426 


, 82432 


82439 


82445 


82452 


82458 


82465 


82471 






668 


82478 


82484 


82491 


82497 


82504 


82510 


82517 


82523 


82530 


82536 


1 
1 




669 


82543 


82549 


82^56 


82562 


82569 


82575 


82582 


82588 


82595 


82601 


; 


670 


82607 


82614 


82620 


82627 


82633 


82640 


82646 


82653 


82659 


82666 


! 




671 


82672 


82679 


82685 


82692 


82698 


82705 


827H 


8^718 


82724 


82730 






672 


82737 


82743 


82750 


82756 


82763 


82769 


82776 


82782 


82789 


82795 






673 


82802 


82808 


82814 


82821 


82827 


82834 


82840 


82847 


82853 


82860 


( 




674 


82866 


82872 


82879 


82885 


82892 


82898 


82905 


82911 


82918 


82924 


i 


675 


82930 


82937 


82943 


82950 


82956 


82963 


82969 


82975 


82982 


82988 


1 




676 


82995 


83001 


83008 


83014 


83020 


83027 


83033 


83040 


83046 


83052 






677 


83059 


83065 


83072 


83078 


83085 


83091 


83097 


83104 


83110 


83117 






678 


83123 


83129 


83136 


83142 


83149 


83155 


83161 


83168 


83174 


83181 






679 


83187 


83193 


83200 


83206 


83213 


83219 


83225 


83232 


83238 


83245 




680 


83251 


83257 


83264 


83270 


83276 


83283 


83289 


83296 


83302 


83308 






681 


83315 


83321 


83327 


83334 


83340 


83347 


83353 


83359 


93366 


83372 


. 




682 


83378 


83385 


83391 


83398 


83404 


83410 


.83417 


83423 


83429 


83436 






683 


83442 


83448 


83455 


83461 


83467 


83474 


83480 


83487 


^ 83493 


83499 






684 


83506 


83512 


83518 


83525 


83531 


83537 


83644 


83550 


83556 


83563 


1 


685 


83569 


83575 


83582 


83588 


83594 


83601 


83607 


83613 


83620 


83626 


1 




686 


83632 


83639 


83645 


83651 


83658 


83664 


83670 


83677 


83683 


83689 


I 




687 


83696 


88702 


83708 


83715 


83721 


83727 


83734 


83740 


83746 


83753 




« 


688 


83759 


83765 


83771 


83778 


83784 


83790 


83797 


83803 


83809 


83816 






689 


83822 


83828 


83835 


83841 


83847 


83853 


83860 


83666 


83872 


83879 


i 


690 


83885 


83891 


83897 


83904 


83910 


83916 


83923 


83929 


83935 


83942 






691 


83948 


83954 


83960 


83967 


83973 


83979 


83985 


83992 


83998 


84004 






692 


84011 


84017 


84023 


84029 


84036 


84042 


84048 


84055 


84661 


84067 






693 


84073 


84080 


84086 


84092 


84098 


84105 


84111 


84117 


84123 


84130 






694 


84136 


84142 


84148 


84155 


84161 


84167 


84173 


84180 


84186 


84192 




695 


84198 


84205 


84211 


84217 


84223 


84230 


84236 


84242 


84248 


84235 




696 


84261 


84267 


84273 


84280 


8428G 


84292 


84298 


84305 


84311 


84317 






697 


84323 


84330 


84336 


84342 


8434^ 


84354 


84361 


84367 


84373 


84379 






698 


84386 


84392 


84398 


84404 


84410 


84417 


84423 


84429 


84435 


84442 






699 


84448 


84454 84460 


84466 


84473 


84479 


84485 


84491 


84497 


84504 






No. 





1 2 


3 


4 


5 


6 


7 


8 


9 





LOGARITHMS OF NUMBERS. 



No. 7000 ^7600. Log. S4610 880?1. | 




No. 





1 


2 


3 j 4 


5 


6 1 


7 


8 9 






700 


84010 


84516 


84522 


34528! 84535 


84541 


84547 


84563 


84559! 84566 




701 


84572 


84578 


84584 


84590 


84597 


84603 


84609 


. 84615 


84621 


84628 






702 


84634 


84640 


84646 


84652 


84658 


84665 


84671 


'84677 


84683 


84689 






703 


84696 


84702 


84708 


84714 


84720 


84726 


84733 


84739 


84745 


84751 






704 


84757 


84763 


84770 


84776 


84782 


84788 


84794 


84800 


84807 


84813 






706 


84819 


84825 


84831 


84837 


84844 


84850 


84856 


84862 


848G8 


84874 




7oe 


84880 


84887 


84893 


84899 


84905 


84911 


84917 


84924 


84930 


84936 


, 




707 


8494S 


84948 


84954 


84960 


84967 


84973 


84979 


8498e 


84991 


84997 






708 


85003 


85009 


85016 


85022 


85028 


85034 


85040 


85046 


85052] 


85058 






709 


85065 


85071 


85077 


85083 


85089 


85095 


85101 


85107 


85114 


86120 






710 


85126 


85132 


85138 


85144 


85150 


85156 


85163 


85169 


85175 


85181 




711 


85187 


85193 


85199 


85205 


85211 


85217 


85224 


85230 


85236 


85242 






712 


85248 


85254 


85260 


85266 


85272 


86278 


85285 


85291 


85297 


85303 






713 


S5309 


85315 


85321 


86327 


85333 


86339 


85345 


85352 


85358 


85364 






714 


85370 


85376 


85382 


'. 85388 


85394 


85400 


85406 


85412 


85418 


85425 






715 


85431 


85437 


85443 


85449 


85455 


85461 


85467 


85473 


85479 


85485 




716 


85491 


85497 


85503 


85509 


[ 85516 


85522 


85528 


85534 


85540 


85546 






717 


85552 


85558 


85564 


85570 


^ 85576 


85582 


85588 


85694 


85600 


85606 






718 


85612 


85618 


85625 


85631 


, 86637 


85643 


85649 


85655 


85661 


85667 






719 


85673 


85679 


85685 


85691 


86697 


85703 


85709 


85715 


85721 


85727 


* 




720 


85733 


85739 


85745 


85751 


86757 


86763 


35769 


85775 


85781 


85788 




721 


85794 


85800 


85806 


85812 


86818 


85824 


85830 


85836 


85842 


85848 






722 


85854 


85860 


85866 


85872 


85878 


85884 


85890 


85896 


85902 


85908 






723 


85914 


85920 


85926 


85932 


85938 


85944 


85950 


85956 


85962 


85968 






724 


85974 


85980 


85986 


85992 


85998 


86004 


86010 


86016 


86022 


86028 






725 


86034 


86040 


86046 


86052 


86058 


86064 


86070 


8607G 


86082 


86088 




726 


86094 


86100 


86106 


86112 


^ 86118 


86124 


86130 


86136 


86141 


86147 






727 


86153 


86159 


86165 


86171 


86177 


86183 


86189 


86195 


86201 


86207 


, 




728 


86213 


86219 


86225 


86231 


86237 


86243 


86249 


86255 


86261 


86267 






729 


86273 


86279 


86285 


86291 


86297 


86303 


86308 


86314 


86320 


86326 


■ 




730 


86332 


86338 


86344 


86350 


86356 


86362 


86368 


86374 


86380 


86386 




731 


86392 


86398 


86404 


86410 


86415 


^ 86421 


86427 


86433 


86439 


I 86445 






732 


86451 


86457 


86463 


86469 


86475 


86481 


86487 


86493 


86499 


86504 






733 


86510 


86516 


86522 


86528 


86534 


86540 


86646 


86552 


86558 


86564 






734 


86570 


86576 


86581 


86587 


86593 


86599 


86606 


86611 


86617 


86623 


■ 




73a 


86629 


86635 


86641 


86646 


86652 


86658 


86664 


86670 


86676 


86682 




73€l 


86688 


86694 


8670O 


86705 


86711 


86717 


86723 


86729 


86735 


86741 






737 


8&747 


86753 


86759 


86764 


86770 


86776 


86782 


86788 


86794 


86800 






738 


86806 


86812 


86817 


86823 


86829 


86835 


86841 


86847 


86853 


86859 






739 


86864 


86870 


86876 


. 86882 


86888 


86894 


86900 


86906 


86911 


86917 






740 


86923 


86929 


86935 


86941 


86947 


86953 


86958 


86964 


86970 


86976 




741 


86982 


86988 


86994 


86999 


87005 


87011 


87017 


87023 


a7029 


87035 






742 


87040 


87046 


87052 


87058 


87064 


87070 


87075 


87081 


87087 


87093 






743 


87099 


87105 


87111 


87116 


87122 


87128 


87134 


87140 


87146 


87161 






744* 


87157 


87163 


87169 


87175 


87181 


87186 


87192 


87198 


87204 


87210 






745 


87216 


87221 


87227 


87233 


87239 


87246 


87251 


87256 


87262 


87268 




746 


87274 


87280 


87286 


87291 


87297 


87303 


87309 


87315 


87320 


87326 






747 


87332 


87338 


87344 


87349 


87356 


87361 


a7367 


87373 


87379 


87384 






748 


87390 


87396 


87402 


87408 


87413 


87419 


87425 


874ai 


87437 


87442 






749 


87448 


87464 


87460 


87466 


87471 


87477 


87483 


87489 


87495 


87500 






750 


87506 


87512 


87518 


^752^ 


87529 


87635 


87541 


'87547 


87552 


87558 . 


751 


87564 


87570 


87576 


87581 


87687 


87693 


87599 


87604 


87610 


87616 




752 


87622 


87628 


87633 


87639 


87645 


87651 


87656 


87662 


87668 


87674 




753 


87679 


87685 


87691 


87697 


87703 


S7708 


87714 


87720 


87726 


87731 




754 


87737 


87743 


87749 


87754 


87760 


87766 


87772 


"87777 


87783 


87789 




! 755 


87795 


878Q0 


87806 


87812 


87818 


87823 


87829 


87835 


87841 


87^46 




756 


»7852 


87858 


87864 


87869 


87875 


• 87881 


87887 


87892 


87898 


87904 






757 


87910 


87915 


87921 


87927 


87933 


^ 87938 


87944 


87950 


a7955 


87961 




1 753 1 


87967 


87973 


87978 


87984 


87990 


87996 


88001 


88007 


88013 


88013 




1 


759 


88024 


88030 88036 


88041 


88047 


88053 


88058 


88064 


88070 


88076 




No. 





1 2 


3 


. 4 


5 


6 


I 7 


18 19- 



LOGARITHMS OF NUMBERS. 





^ M<% ICIUX odAA 










T ^^ oonoi 


oi<xai 




uv«^ - - — — w<*«w 


MM*r^, WWU« •»!«*»'• 




No. 


1 [ 2 1 3 4' 1 6 1 


6 7 1 8 1 9 1 


760 


88081 


88087 


88093 


88098 


88104 


88110 


88116 


88121 


881S7 


88133 




761 


88138 


88144 


88160 


88166 


88161 


88167 


88173 


88178 


88184 


88190 




76« 


88195 


88201 


88207 


88213 


88218 


88224 


88230 


88235 


88241 


88347 




763 


88262 


88258 


88264 


88270 


88275 


88281 


88287 


88292 


88298 


88304 




764 


88309 


88316 


88321 


88326 


88332 


88338 


38343 


88349 


88350 


88360 


766 


88366 


88372 


88377 


88383 


88389 


88396 


88400 


88406 


88412 


88417 




766 


88423 


88429 


88434 


88440 


88446 


88461 


.88467 


88463 


88468 


88474 




767 


88480 


88486 


88491 


88497 


88602 


88508 


88613 


88619 


886;E6 


88530 




768 


88636 


88642 


88647 


88663 


88569 


88664 


88570 


88676 


88581 


88587 


« 


769 


88693 


88698 


88604 


88610 


88616 


88621 


88627 


88632 


8^6i«B 


.88643 


770 


88649 


88655 


88660 


88666 


88672 


88677 


88683 


88689 


88694 


88700 




771 


88706 


88711 


88717 


88722 


88728 


88734 


88739 


88745 


887^0 


87756 




772 


88762 


88767 


88773 


8877^ 


88784 


88790 


88795 


88801 


88887 


88812 




773 


88818 


88824 


88829 


88836 


88840 


88846 


88852 


88867 


88869 


88868 


1 

i 


T74 


88874 


88880 


88886 


88891 


88897 


88902 


88908 


88913 


88^19 


8^925 


776 


88930 


88936 


88941 


88947 


88963 


88958 


88964 


88969 


88975 


88981 




776 


88986 


88992 


88997 


89003 


89009 


89014 


89020 


89026 


89CX^ 


89037 




777 


89042 


89048 


89063 


89059 


89064 


89070 


89076 


89081 


89087 


8909S 




778 


89098 


89104 


89109 


89116 


89120 


89126 


89131 


89137 


e$m 


89148 


1 

) 


779. 


89164 


89169 


89166 


89170 


89176 


89182 


89187 


89193 


89138 


89204 ! 


780 


89209 


89216 


89221 


89226 


89232 


89237 


89243 


89248 


.89294 


89260 1 




781 


89266 


89271 


89276 


89282 


89287 


89293 


89298 


89304 


898|« 89315 




782 


89321 


89326 


89332 


89337 


89343 


89348 


.89354 


89360 


899S5 89771 


J 


783 


89376 


89382 


89387 


89393 


89398 


89404 


89409 


89415 


9940tl 


89426 




784 


89432 


89437 


89443 


89448 


89464 


89469 


89465 


89470 


89«I6 


89481 


786 


89487 


89492 


89498 


89604 


89509 


89616 


89620 


89526 


^891 


89537 




786 


89542 


89548 


89663 


89569 


89564 


89570 


89576 


89581 




89592 


■ 


787 


89597 


89603 


89609 


89614 


89620 


89626 


89631 


89636 


89«g 


89647 




788 


89663 


89668 


89664 


89669 


89675 


89680 


89686 


89691 


89702 


' 


789 


89708 


89713 


89719 


89724 


89730 


89736 


89741 


89746 


Bsrm 


89757 


' 790 


89763 


89768 


89774 


89779 


89786 


89790 


89796 


89801 


89887 


89812 




791 


89818 


89823 


39829 


89834 


89840 


89845 


89851 


89866 


898$S 


89867 




792 


89873 


89878 


89883 


.89889 


89894 


89900 


89906 


89911 


8S^1« 


89922 




793 


89927 


89933 


89938 


89944 


89949 


89956 


89960 


89966 


89^ 


89977 




794 


89982 


89988 


89993 


89998 


90004 


90009 


90015 


90020 




90031 


796 


90037 


90042 


90048 


90053 


90069 


90064 


90069 


90076 


9Q0e0| 90086 1 




796 


90091 


90097 


90102 


90108 


90113 


90119 


90124 


90129 


9^i9H 96140 




797 


90146 


90161 


90167 


90162 


90168 


90173 


90179 


90184 


90m 90195 




798 


90200 


90206 


90211 


90217 


90222 


90227 


90233 


90238 


90m) 90249 , 


■ 


799 


90256 


90260 


90266 


90271 


90276 


90282 


90287 


90293 


sesnl 90304 


800 


90309 


90314 


90320 


90326 


90331 


90336 


9034^ 


90347 


908a« 


90358 , 




aoi 


90363 


90369 


90374 


90380 


90386 


90390 


90396 


90401 


9(W7 


90413 




802 


90417 


90423 


90428 


90434 


90439 


90446 


90460 


90466 




90466 , 




803 


90472 


90477 


90482 


9048B 


90493 


90499 


90604 


90509 




90520 ' 




B04 


90626 


90631 


90636 


90642 


90647 


90663 


90668 


90563 


900891 90574 


806 


90680 


90685 


90690 


90696 


90601 


90607 


90612 


90617 


901 » 90628 




806 


90634 


90639 


90644 


90660 


90656 


90660 


90666 


90671 


M m 90682 i 




807 


90687 


90693 


90698 


90703 


90709 


90714 


90720 


90725 


9(r m 90736 




808 


90741 


90747 


90752 


90757 


90763 


90768 


90773 


90779 


■ 9ijr Ml 


90789 


■ 


809 


90796 


90800 


90806 


9q811 


90816 


90822 


90827 


90832 


_ ^^ » i* J" 


.90643 


810 


90849 


90864 


90869 


90866 


90870 


90876 


90881 


90886 


90i^| 


,90897 




Bll 


90902 


90907 


90913 


90918 


90924 


90929 


90934 


90940 


*^i.^1tK^f^k ^m 


90950 




»12 


90956 


90961 


90966 


90972 


90977 


90982 


90988 


90993 


9«M 


91004 




813 


91009 


91014 


91020 


91026 


91030 


91036 


91041 


91046 


9vm 


91057 




814 


91062 


91068 


91073 


91078 


91084 


91089 


91094 


91100 


9mi 


91110 


816 


91116 


91121 


91126 


91132 


91137 


91142 


91148 


91163 


l^ 


91164 


• 


.816 


91169 


91174 


91180 


91185 


91190 


91196 


91201 


91206 


91217 




.817 


91222 


91228 


91233 


91238 


.91243 


91249 


91264 


91269 


om6 


91270 




818 


91276 


91281 


91286 


91291 


91297 


91302 


91307 


91312 


91318 


91323 




819 


91328 


91334 


91339 


91344 


91350 


91366 


91360t 91365 


91371 


91376 




No. 





1 2 1 


3 


4 


6 


'617 


8 


9 



- «»i 



LOOABITSHS OF NUMBKBS^ 



8200 saoo. 

io. "^ 



Log. 91381' 



-94446. 



J_i 



8 



9 



20 
21 

22 
23 

24 



23 
26 
27 
28 
29 



30 
31 
32 
33 
34 



35 
:36 
137 
;38 
139 



i40 
(41 

t42 
H3 
)44 



91381 
91434 
91487 
91540 
91593 



91387 
91440 
91492 
91645 
91598 



913921 

91445 

91498 

91651 

91603 



91397 
91450 
91503 
91556 
91609 



91403) 
914551 
91508 
91561 

916141 



91646 
91698 
91751 
91803 
91855 



91651 
91703 
91756 
91808 
91861 



91656 
91709 
91761 
91814 
91866 



91661 

91714 

91766 

918191 

91871 



91666 
91719 
91772 
91824 
91876 



91908 
91960 
92012 
92065 
92117 



91918 
91965 
92018 
92070 
92122 



91918 
91971 

92023 
92075 
92127 



91924 
91976 
92028 
92080 
92132 



91929 
91981 
92033J 
92085 
92137 



92169 
92221 
92273 
92324 
92376 



921741 

92226 

92278 

92330 

92381 



92179 
92231 
92283 
92335 
9^387 



92184 

92236 

92288 

92340t 

92392 



92189 
92241 
92293 
92345 
92397 



92428 
92480 
92531 
92583 
92634 



92433] 

92485 
92536 
92588 
92639 



92438 
92490 
92542 
92593 
92645 



92443] 
92495 
92547 
92598 
92650 



92449 
92500 
92552 
92603 
92655 



91408 
9146f 
91514 
91566 
91619 



914131 
91466) 
91519 
91572 
91624 



91672 
91724 
91777 
91829 
91882 



91677 

91730 

91782 

918341 

91887 



919341 

919861 

92038 

92091 

92143 



91555 

9199T 
92044 
92096 
92148 



92195! 
92247 
93298 
92350 
92402 



92200 
92S52 
92304 
92355 
92407 



92454 
92505 
92557 
92609 
92660 



92459 
92511 
92562 
92614 
92665 



914181 

91471 

915241 

91577 

9l630( 



91682 
91785 
91787 
91840 
91892 



91944 
91997 
92048 
92101 
92153 



92206 
92257 
92309 
92361 
92412 



92464 
92516 
92567 
92619 
92670 



91424 
91477 
91529 
91582 
91635 



91687 
91740 
91793 
91845 
91897 



91429 
91482 
91585 
91587 
91640 

1693 
91745 
^1798 
91850 
91903 



91950 
92002 
92054 
92106 
92168 



91955 
92007 
92059 
92111 

^2163 



^2210 
92262 
92314 
92366 
92418 



$2215 

92267 
92319 
92371 

92423 



92469( 

92521 

92372 

92624 

92675 



924rM 
^2526 
93^r8 
$26^9 

1^2681 



■ » ; m 



}45 
)46 
247 
348 
U9 



860 
861 
862 
863 
864 



865 
866 
867 
868 
869 



870 
871 
872 
873 
874 



875 
876 
877 
878 
879 

No. 



92686 
92737 
92788 
92840 
92891 



92691 
92742 
92793 
92845 
92896 



92696 

92747 

92799 

928501 

92901 



92701 
92752 
92804 
92865 
92906 



92706 
92758 
92809 
92860 
92911 



92711 
92763 
92814 
92865 
92916J 



92716 
92768 
92819 
92870 
92921 



92722 
92773 
92824 
92875 
92927 



92727 
92778 
92829 
92881 
929321 



92942 
92993 
93044 
93095 
93146 



92947 

92998 

93049 

931001 

93151 



92952 
93003 
93054 
93105 
93156 



92957 

93008 

93059 

931101 

93161 



92962 
93013 
93064 
93115 
93166 



92967 
93018 
93069 
93120 
93171 



93197 
93247 
93298 
93349 
93399 



93202 
93252 
93303 
93354 
93404 



93207 
93258 
93308 
93369 > 
93409< 



93212 
93263 
93313 
93364 
93414 



93217 
93268 
93318 
93369 
93420 



93222 
98273 
93323 
93374 
93425 



93450 
93500 
93551 
93601 
93651 



93455 
93505 
93556 
93606 
93656 



93460 
93510 
93561 
93611 
93661 



93702 
93752 
93802 
93852 
93902 



93707 
93757 
93807 
93857 
93907 



93712 
93762 
93812 
93862 
93912 



93465 
93515 
93566 
93616 
93666 



93470 
93520 
93571 
93621 
93671 



98475 
98526 
98576 
98626 
93676 



93952 
94002 
94052 
94101 

94151 



93957 
94007 
94057 
94106 
94156 



939^2 
94012 
94062 
94111 
94161 



94201 
94250 
94300 
94349 
94399 



94206 
94255 
94305 
94354 
94404 



94211 
94260 
94310 
94359 
94409 



o~i"nr 



93717 
93767 
93817 
93867 
93917 



98722 
9,3772 
98822 
93872 
93922 



987271 
93777 
93827 
93877 
93927 



93967 
94017 
94067 
94116 
94166 



93972 
94022 
94072 
94121 
94171 



93977 
94027 
940n 
94126 
94176 



94216 
94265 
94315 
94364 
94414 



94221 
94270 
94320 
94369 
94419 



94226 
94275 
94325 
94374 
944241 



92973 
93024 
93075 
93125 
d3176 



92978 
93029 
93080 
93131 
93181 



92983 
93034 
93086 
93136 
93186 



93227 
93278 
93328 
93379 
93430 



98282 
93283 
93334 
93384 
93435 



93237 
93288 
93339 
93389 
93440 



93480 
93581 
93581 
93631 
936881 



93485 
93586 
93586 
93636 
93687 



93490 
93541 
93591 
93641 
93692 



93782 
93782 
93832 
93882 
93932 



98787 
98787 
98837 
98887 
93937 



93742 
93792 
93842 
93892 
93942 



93982 
94032 
94082 
94181 
94181 



93987 
94037 
94086 
94136 
94186 



93992 
94042 
94091 
94141 
94191 



94231 
94280 
94330 

94379 
94429 



94236 
94285 
94335 
94384 
94433 



94240 
94290 
94340 
94389 
94431 



92782 
927(»3 
$2884 
$2886 
$2987 



92988 
$3039 
$3090 
$3141 
93192 



3242 

3293 

13344 

93394 

93445 



3495 

3546 

3596 

13646 

$3697 



93747 
93797 
93847 
$3897 
$3947 



93997 
94047 
94096 
94146 
04196 



8 



1 



94245 
942$5 
94345 
94394 
94443 



LOGAKITHMS OF NUMBERS. 



No. tSOO HOO. 



Log. 94448" 



-97813. 



No. 



880 
881 
882 
883 
884 



88d 
886 
887 
888 
889 



04448 
94498 
94547 
94696 
9464fi 



94694 
94743 
94T92 
94841 
948901 



890 
891 
892 
893 

894 




905 
906 
907 
908 
900 



910 
911 
912 
913 
914 



916 
916 
917 
918 
919 



920 
921 

922 
923 
924 



925 
926 
927 
928 
929 



930 
931 
932 
933 
934 



935 
936 
937 
938 
j 939 



j No. 



94939 
94988 
95036 
95035 
95134 



951821 

95231 

95279 

95328 

95376 



954241 

95472 

95521 

95569 

96617 



95665 
95713 
95761 
95809 
95856 



95904 
95952 

95999 
96047 
96095 



96142 
96190 
96237 
96284 
96332 



96379 
96426 
96473 
96520 
96567 



96614 
96661 
96708 
96765 
96802 



96848 
96895 
96942 
96988 
97035J 



97081 
97128 
97174 
97220 
97267 



_J 

94453 
94503 
94562 
94601 
94660 



94699 
94748 
94797 
94846 
94895 



949931 
95041 
950901 
95139 



95137 
95236 
96281 
95332 
9538] 



94458 
94507 
94557 
94606 
94G55 



94704 
94753 
94802 
94851 
D4900 



94949 
94998 
95046 
95095 
95143 



95192 
95240 
95289 
95337 
96386 



95429 
95477 
95525 
95574 
95622 



95670 
95718 
95766 
95813 
95861 



95909 
96967 
96004 
96052 
96099 



96147 
96194 
96242 
96289 
96336 



96384 
96431 
96478 
96525 
96572 



96619 
96666 
96713 
96759 
96806 



96853 
96900 
96946 
96993 
97039 



97086 
97132 
97179 
97225 
97271 



95434} 

95482 

95530 

96578 

95626 



95674 
96722 
96770 
95818 
95866 



95914) 

95961 

96009 

96057 

96104 



96152 
96199 
96246 
96294 
96341 



96388 
96435 
96483 
96530 
96577 



96624 
96670 
96717 
96764 
96811 



96868 
96904 
96S51 
969S1 
97044 



97090 
97137 
97183 
97230 
97276! 



94463 
94612 
94562 
94611 
9^^1660 



94709 
94758 
94i'J07 
94856 
94905 



94468 
94517 
94667 
94616 
94665 



947^14 
94763 
94812 
94861 
94910 



949;H 
95002 
S5051 
95100 
95148 



95197 
95215 
95294 
95342 
95390 



94959 
95007 
95056 
95106 
95153 



95202 
95250 
95299 
95347 
95395 



^ I 
94473r 
94522 
94571 
94621 
946701 



.L 



94719 
94768 
94817 
94866 
94916 



94963 
95012 
95061 
95109 
95158 



95207 
95256 
95303 
95352 
95400 



95439 
95487 
95535 
95583) 
95631 



96679 
96727 
96775 
95823 
96871 



95918 
96966 
96014 
96061 
96109 



96166 

962041 

96261 

96298 

96346 



96393 
96440 
96487 
96534 
96581 



96628 
96675 
96722 
96769 
96816 



96862 
96909 
96966 
97002 
97049 



94478 
94627 
94576 
94626 
94676 



94724 
94773 
94822 
94871 
94919 



94968 
95017 
95066 
95114 
96163 



95211 

952f;0 

95308] 

95357 

9.5405 



954'44 
95192 
95540 
95583 
95636 



95684 
95732 
95780 
95828 
95875 



95448 
95497 
955-15 
95593 
95641 



95463 
95501 
95560 
9559C 
95646 



95689 

9573 

95785 

95832 

96880 



95923 
95971 
96019 
96066 
96114 



96161 
96209 
96256 
96303 
96350 



96398 
96446 
96492 
96539 
96586 



96633 
96680 
96727 
96774 
96820 



96867 
96914 
96960 
97007 
97063 



97095 
97142 
97188 
97234 
97280 



97100 
97146 
97192 
97239 
97285 



96928 
96976 
96023 
96071 
96118 



96166 
96213 
96261 
96308 
96366 



96402 
96460 
96497 
96544 
96591 



96638 
96685 
96731 
96778 
96825 



96872 
96918 
96965 
97011 
97058 



97104 
97151 
97197 
97243 
97290 







'-*«■ 



1 i 2 I 3 



'l"~T 



95694 
95742 
96789 
95837 
95885 



95933 
95980 
96028 
96076 
96123 



:i. 



8 



9444i3| 94488 



94532 
94.581 
94630 
94680 



94729 
94778 
94827 
94876 
94924 



94973 
95022 
95071 
95119 
95168 



96216 

96265 
95313 
95361 
954101 



95458 
94506 
95554 

95602 
95660 



95698 
95746 
95794 
95842 
95890 



95938 
95986 
96033 
96080 
96128 



96171 
96218 
96265 
96313 
96360 



96407 
96454 
96601 
96548 
96596 



96642 
96689 
96736 
967831 
96830 



96876 
96923 
96970 
97016 
97063 



97109 
97166 
97202 
97248 
97294 



96176 
96223 
96270 
96317 
963661 



94537 
94586 
94635 
94686 



94734 
94789 
94832 
94880 
94929 



94978 
96027 
96075 
95124 
96173 



96221 
96270 
95318 
95366 

95416 



964631 

95511 

95669 

95607 

96666 



9670^ 

95751 

95799 

95847 

95896 



95942 
95990 
9663^ 
96086 
96133 



96180 
962S7 
96275 
96322 



96412 
96469 
96606 
96553 
96600 



94493 
94542 
94591 
9^40 
94689 



94738 
94787 
94836 
94885 
94931 



94983 
950S2 
95080 
95129 
95177 



95226 
95274 
95323 
95371 
95419 



95468 
95516 
96564 
95612 
96660 



95708 
95756 
958M 
95852 
95899 



95947 
95995 
96042 
96090 
96137 



96185 
96232 
96280 
96327 
96374 



96647 

96694J 

96741 

96788 

96834 



96881 
96928 
96974 
97021 
97067! 



97114 
97160 
97206 
97263 
97299 



96417 
96464 
96511] 
96668 
96€llfi 



96662 
9^699 
96346 
9679S 
96899 



96686 
96982 
9fSn9 
97025 
97072 



97118 
^166 
97S11 
^7257 
97904 



8 



96421 
96468 
S6616 
96662 
96609 



96666 
96703 
96750 
96797 
96844 



96890 
96937 
96984 
97030 
97077 



97123 
97169 
97216 
97262 
97308 



i*^"'' 



LOGAraiHMS OF NLMB£KS. 



No. 9400 10000. 


Log. 97313 


99996. ^ 




No. 


1 


2 


3 1 4 


6 6 1 


' 1 


8 


9 






940 


97313 


97317 


97322 


973271 97331 


97336 


97340 


973461 


97360 


97364 




941 


97359 


97364 


97368 


97373 


97377 


97382 


97387 


97391 


97396 


97400 




, 


942 


97406 


97410 


97414 


97419 


97424 


97428 


97433 


97437 


97442 


97447 






943 


97451 


97456 


97460 


97466 


97470 


97474 


97479 


97488 


97488 


97493 






944 


97497 


97602 


97506 


97511 


97516 


97520 
97566 


97525 


97529 


97534 


97539 




945 


97543 


97548 


97562 


97657 


97662 


97671 


97576 


97580 


97686 






946 


97589 


97694 


97598 


97603 


97607 


97612 


97617 


97621 


97G2G 


97630 






947 


97636 


97640 


97644 


97649 


97653 


97G58 


S76C3 


97667 


97672 


97676 






948 


97681 


976G6 


97690 


97695 


97699 


97704 


97708 


97713 


97717 


97722 






949 


97727 


97731 


97736 


97740 


97745 


97749 


97754 


97759 


97763 


97768 




950 


97772 


97777 


97782 


97786 


97791 


977j)5 


97800 


97804 


97809 


97813 






951 


97818 


97823 


97827 


97832 


97836 


97841 


97845 


97850 


97856 


97869 






952 


97864 


97868 


97873 


97877 


97882 


"97886 


97891 


97896 


97900 


97905 






953 


97909 


97914 


97918 


97923 


97928 


97932 


97937 


979U 


9794« 


97950 






954 


97955 


97960 


97964 


97968 


97973 


97978 


97932 


97987 


97991 


97996 




955 


98000 


98006 


98U09 


98014 


98019 


98023 


98028 


98032 


9U037 


98041 






956 


98046 


98060 


98056 


98059 


98064 


98068 


98073 


93078 


98082 


98087 






957 


98091 


98096 


98100 


98106 


98109 


98114 


98118 


98123 


98127 


98132 






958 


98137 


98141 


98146 


98150 


98166 


98169 


98164 


98168 


98173 


98177 






959 


98182 


98186 


98191 


98195 


98200 
• 98246 


98204 


98209 


98214 
98259 


98218 


98223 


( 


960 


9a227 


98232 


93236 


98241 


98260 


■ 98254 


98263 


98268 






961 


93272 


98277 


98281 


98286 


98290 


98295 


93299 


98304 


98308 


93313 






962 


98318 


98322 


98327 


98331 


98336 


98340 


98G45 


98349 


98354 


98358 






963 


98363 


98367 


98372 98376 


98381 


98385 


98390 


98894 


93399 


98403 






964 


98408 


98412 


98417 


98421 


98426 


98430 


98435 


98439 


98444 


98448 




965 


98463 


98457 


98462 


98466 


98471 


98475 


98480 


98484 


98489 


98493 






966 


98498 


98602 


98607 


98611 


98616 


98620 


98525 


98529 


98534 


98638 






967 


98643 


98647 


98662 


98656 


98561 


98665 


98570 


98574 


98679 


98683 






968 


98688 


93592 


98697 


93601 


98606 


93610 


98614 


98619 


98623 


98628 




' 


969 


98632 


98637 


98641 


98646 


98660 


98656 


98659 


98664 


98668 


98673 




970 


98677 


98682 


98686 


98691 


98695 


98700 


98704 


98709 


98713 


98717 






971 


98722 


98726 


98731 


98786 


93740 


98744 


98749 


98763 


98758 


98762 






972 


98767 


98771 


98776 


987':0 


98784 


98789 


98793 


98798 


98802 


98807 






973 


98811 


9S816 


98820 


98825 


98829 


98834 


93838 


?8843 


98847 


98861 






974 


98856 


98860 


98865 


98869 


98874 


98878 


98883 


98887 


98892 


98896 




975 


98900 


98906 


98909 


98914 


98918 


98923 


98927 


98932 


98936 


98941 






976 


98945 


98949 


98954 


98968 


98963 


98967 


98972 


98976 


98981 


98985 






977 


98939 


98994 


98998 


99003 


99007 


99012 


99016 


99021 


99026 


99029 






978 


99034 


99038 


99043 


99047 


99062 


99056 


99061 


99066 


99069 


99074 






979 
980 


99078 


99083 


99037 


99092 


99096 


99100 


99105 


99109 


99114 


99118 




99123 


99127 


99131 


99136 


99140 


99146 


99149 


99154 


99168 


99162 






981 


99167 


99171 


99176 


99180 


99186 


99189 


99193 


99198 


99202 


99207 






982 


99211 


99216 


99220 


99224 


99229 


99233 


99238 


99242 


99247 


99261 






' 983 


992561 


99260 


99264 


99269 


99273 


99277 


99282 


99286 


99291 


99295 






934 


99300 


99304 


99308 


99313 


99317 


99322 


99326 


99330 


99336 


99339 




985 


99344 


99348 


99362 


99367 


99361 


99366 


99370 


99374 


9937a 


99383 






986 


99388 


99392 


99396 


99401 


99406 


99410 


99414 


99419 


99423 


99427 






987 


99432 


99436 


99441 


99446 


99449 


99464 


99468 


99463 


99467 


99471 






988 


99476 


99480 


99484 


99489 


99493 


99498 


99602 


99606 


99611 


99616 






989 
990 


99620 


99524 


99528 


99633 


99537 


99642 


99646 


99560 


99666 


99669 




99664 


99668 


99672 


99677 


99681 


99686 


99690 


99694 


99699 


99603 






991 


99607 


99612 


99616 


99621 


99626 


99629 


99634 


99638 


9964% 


99647 






992 


99661 


99656 


99660 


99664 


99669 


99673 


99677 


99682 


99686 


99691 






993 


99695 


99699 


99704 


99708 


99712 


99717 


99721 


99726 


99730 


99734 






994 


99739 


99743 


99747 


99762 


99766 


99760 


99766 


99760 


99774 


99778 




995 


99782 


99787 


99791 


99796 


99800 


99804 


99808 


99813 


99817 


99822 






996 


99826 


99830 


99836 


99839 


99843 


99848 


99862 


99866 


99861 


99866 






997 


99870 


99874 


99878 


99883 


99887 


99891 


99896 


99900 


99904 


99909 






998 


99913 


99917 


99922 


99926 


99930 


99<i35 


99939 


999U 


99948 


99962 




999 


99967 


99961 


99966 


99970 


99974 


99978 


99983 


99987 


99991 


99996 




1 


xNo. t 


0_^ 


1 


2 ■ 


3 


_4 


6 


6 


7 


8 


9 





r 



OD«»g. 



Log. iiines, 'i angents and Secants. 



i #j. 



M. HOUTA.M. 




1 

2 
3 
4 



5 

6 

7 
8 
9 



10 
11 
12 
13 

ii 
15 

16 

17 

18 

19 



n a 

11 69 .52 
59 44 

69 36 
69 28 



U 69 20 
69 12 
69 

68 56 
58 48 



20 
21 

22 
23 

24 



25 

26 
27 
28 
29 



30 
31 
32 
33 
34 



35 
36 
37 
38 
39 



40 
41 

42 
43 
44 



45 
46 

47 
48* 
49 



11 58 40 
6S 32 
68 24 
68 16 
68 8 



11 



58 
67 52 
67 44 
67 36 
67 28 



a 



57 20 
57 12 
67 4 
56 66 
66 48 



11 



66 40 
66 32 
66 24 
66 16 
66 8 



11 



66 
65 62 
56 44 

65 36 

66 28 



11 



55 20 
66 12 
65 4 
64 66 
64 48 



11 



64 40 
64 32 
64 24 
64 16 
64 8 



11.54 
63 52 
63 44 
63 36 
63 28 



Uuurp.M.l Sine. 




8 
16 
24 
32 



Unf. Ncg. 
6.46373 
76476 
94086 
7.06579 



40 
48 

66 

1 4 
1 12 



Co-sine. 



7.1627010.00000 



20 
28 
36 
44 

62 



2 
2 8 
2 16 

2 24 
2 32 



2 40 
2 48 

2 66 

3 4 
3 12 



3 20 
3 28 
3 36 
3 44 
3 62 







4 
4 8 
4 16 

4 24 
4 32 



4 40 
4 48 

4 66 

5 4 
5 12 



6 20 
6 28 
6 36 
6 44 
5 62 



6 
6 8 
6 16 

6 24 

6 32 



24188 
30682 
36682 
41797 



7.46373 
50512 
64291 
67767 
60985 



7.63982 
66784 
69417 
71900 
74248 



7.76475 
78594 
80615 
82643 
84393 



,86166 
87870 
89509 
91088 
92612 



7.94084 
95608 
96887 
98223 
99520 



8.00779 
02002 
03192 
04350 
05478 



8.06678 
07650 
08696 
09718 
10717 



8.11693 
12647 
13681 
14495 
15391 



10.00000 
00000 
00000 
00000 
OOOOOf 



00000 
00000 
00000 
00000 



10.00000 

. 00000 

00000 

00000 

00000 



Tangent 



Inf. Neg. 

6.46373 
76476 
94085 

7.06679 



7.16270 
24188 
30882 
36682 
41797 



7.4637312.53627 



60612 
64291 
57767 
60986 



10.00000 

00000 

9.99999 

99999 

99999 



7.63982 
66785 
69418 
71900 

74248 



9.99999 
99999 
99999 
99999 
99999 



9.99999 
99999 
99999 
99999 
99998 



9.99998 
99998 
99998 
99998 
99998 



.99998 
99998 
99997 
99997 
99997 



9.99997J 
99997 
99997 
99997 
99996 



9.99996 
99996 
99996 
99996 
99996 



7.76476 
78595 
80615 
82646 
843941 



7.86167 
87871 
89610 
91089 
92613 



7.94086 
95510 
96889 
98225 
99622 



8.00781 
02004 
03194 
04363 
05481 



8.06581 
07653 
08700 
09722. 
10720 



8.11696 
12651 
13585 
14600 
15395 



Cu-tang. 



InfUiite. 

13.53627 
23624 
05916 

12.93421 



12.83730 
76812 
69118 
63318 
6820$ 



49488 
45709 
42233 
39014 



12.36018 
33215 
30582 
28100 
25762 



12.23524 
21406 
19386 
17454 
16606 



12.13833 
12129 
10490 
08911 
07387 



12.05914 
04490 
03111 
01776 
00478 



11.99219 
97996 
96806 
95647 
94519 



11 



93419 
92347 
91300 
90278 
89280 



11 



.8830410 
87349 
86415 
85600 
84606 



Dcgg. 

Secant. {Co-secant ( liT 

60 



10. OOOOO! Infinite. 
13.63627 



OOOOO 
OOOOO 
OOOOO 
OOOOO 



10.00000 
OOOOO 
OOOOO 
OOOOO 
($0000 



10.00000 

OOOOO 

OOOOO 

^ OOOOO 

OOOOO 



10.00000 
OOOOO 
00001 
00001 
00001 



10.00001 
OOQOl 
00001 
00001 
00001 



10.00001 
00001 
00001 
00001 
00002 



10.00002 
00002 
000031 
00002 
00002 



10.00002 
00002] 
00003 
00003 
00003] 



10.00003 
00003 
00003 
00003 
00004 



.00004 
00004 
00004 
00004 
00004 



23524 
05915 
12.93421 



12.837301 
75812 
69118 
63318 
^303 



12.53627 
49488 
45709 
42233 
39015 



12.36018 
33216 
30583 
28100 
25752 



12.23525 
21406 
19385 
17455 
15607 



59 
58 
57 
56 



55 
54 
53 
52 
51 



50 
49 
48 
47 
46 



45 
41 
43 
43 
41 



40 
39 
38 
37 
36 



12.13834 
12130 
10491 
08912 
07388 



12.05916 
04492 
03113 
01777 
004801 



11.99221 

97998 
96808 
95650 
94522 



11.93422 
92350 
91304 
90282 
89283 



11.88307 
87353 
86419 
85505 
84609 



35 
34 
53 
32 
51 

30 

28 
27 

26 



25 
23 
21 



SO 
19 
18 
17 
16 

15 
14 
13 
li 
11 



60 
61 
52 
53 
64 



11 53 
63 
63 
62 

62 



20 

njr 

4 
56 
48 



6 40 
6 48 

6 66 

7 4 
7 12 



8.16268 
17128 
17971 
18798 
19610 



9.99996 
99996 
99996 
99996 
999961 



8.16273 
17133 
17976 
18804 
19616 



11 



83727 
83867 
82024 
81196 
80384 



10 



.00006 
00005 
00006 
00005 
00005 



11 .837321 10 



82872{ 
82029| 
8I202! 
80390! 



3 
f 

I 




65 
66 
67 
68 
S9 
60 



M. 



11 62 
62 
62 
62 
62 
62 



40 
32 
24 
16 
8 








7 
7 
7 
7 
7 
8 



20 
28 
36 
44 
52 




8.20407 
21189 
219.58 
227131 
23456 
24186 



9.99994 
99994 
99994 
99994 
99994 
99993 



Hourp.M. 



HoiirA.M.I Co-sine. 



8.20413 
31195 
21964 
22720 
23462 
24192 



11 



79587 
78805 
78036 
77280 
76538 
75808 



10.00006 
00006 
00006 
00006 
00006 
00007 



90 l>eg». 



Sine. Co-tang. Tangent. Co-secam 



11.795931 
788111 
78042: 
77387: 
76544; 
7581*. 



S ecant. • 

■"^egs. 397 



,-s^** ■*"'* 









« 


> . ^ A^ A-< t^ 




• 












Log. Sines, Tangents and Secants. 


lDe«. 


Degs. 178. 


M. 


Hour A.M. 


|Hoiirp.ii. 


Sine. 1 Cosine. 


Tangent. 


1 Co-tang. 


Secant. 


Co-secant 


M. 







11 52 


8 


8.24186 9.99993 


8.2419211.75808 


10.00007 


11.75814 


60 




1 


51 52 


8 8 


24903 99993 


24910 


1 76090 


00007 


7609"^ 


69 




2 


51 44 


8 16 


26609 


99993 


£6616 


74384 


00007 


74391 


68 




3 


61 36 


8 24 


26304 


99993 


26312 


73688 


00007 


73696 


67 




4 


61 28 


8 32 


26988 


99992 


26996 


73004 


00008 


73012 


56 




5 


11 61 20 


9 40 


8.27661 


9.99992 


8.27669 


11.72331 


10.00003 


11.72339 


55 




6 


61 12 


a 48 


28324 


99992 


28332 


71668 


00008 


71676 


54 




7 


61 4 


8 66 


28977 


9999!^ 


28985 


71014 


00008 


71023 


53 




8 


60 66 


9 i 


29621 


99992 


29629 


70371 


00008 


70379 


62 




9 


60 48 


9 12 


30255 


99991 


30263 


69737 


00009 


69745 


51 




10 


11 60 40 


9 20 


8.30879 


9.99991 


8.30888 


11.69112 


10.0000^ 


11.69121 


50 




U 


60 32 


9 28 


31495 


99991 


31505 


68495 


oooon 


68505 


49 




n 


60 24 


9 36 


32103 


99990 


32112 


67888 


00010 


67897 


48 




13 


60 16 


9 H 


32702 


99990 


32711 


67289 


00010 


67298 


47 




14 


60 8 


9 62 


3S292 


99990 


33302 


66698 


00010 


66708 


46 




15 


11 60 Q 


10 


8.33875 


9.99990 


8.33886 


11.66114 


10.00010 


11.66125 


45 




16 


49 62 


10 8 


34450 


99989 


34461 


65539 


00011 


65550 


44 




17 


49 44 


10 16 


35018 


9998£i 


36029 


64971 


00011 


64982 


43 




18 


49 36 


10 24 


35578 


99989 


36590 


64410 


oooii 


64422 


42 




19 


49 Sf8 


10 32 


36131 


99989 


36143 


63857 


00011 


63869 


41 




20 


n 49 20 


10 40 


8.36678 


9.99988 


8.36689 


11.63311 


10.00012 


11.63322 


40 




, 21 


49 12 


10 48 


37217 


99988 


37229 


62771 


00012 


62783 


39 




22 


49 4 


10 56 


37760 


99988 


37762! 


62238 


00012 


62250 


38 




23 


48 66 


n 4 


38276 


99987 


38289 


61711 


00013 


61724 


37 




24 


48 48 


11 12 


38796 


99987 


38809 


61191 


00013 


61204 


36 , 
35 




25 


U 48 40 


11 20 


8.39310 


9.99987 


8.39323 


11.60677 


10.00013 


11.60690 




26 


48 32 


11 28 


39818 


99986 


39832 


60168 


00014 


60182 


34 




27 


w48 24 


11 36 


40320 


99986 


40334 


59666 


00014 


59680 


33 




28 


48 16 


11 44 


40816 


99986 


40830 


59170 


00014 


59184 


32 




29 


48 8 


11 62 


41307 


99986 


41321 


58679 


00015 


58693 


31 




30 


11 48 


12 


8.41792 


9.99935 


8.41807 


11.5B193 


10.00015 


11.58208 


30 




31 


47 62 


12 8 


42272 


99986 


42287 


57713 


00015 


67728 


29 




32 


47 44 


12 16 


42746 


99984 


42762 


57238 


00016 


67254 


28 




33 


47 36 


12 24 


43216 


99984 


43232 


56768 


00016 


66784 


27 




34 


47 28 


12 32 


43680 


99984 


43696 


66304 


00016 


56320 


26 




35 


11 47 20 


12 40 


8.44139 


9.99983 


8.44156 


11.55844 


10.00017 


11.55861 


25 




36 


47 12 


12 48 


44594 


99983 


44611 


55389 


00017 


65406 


24 




37 


47 4 


* 12 56 


46044 


99983 


45061 


54939 


00017 


64956 


23 




38 


46 66 


13 4 


46489 


99982 


46507 


64493 


00018 


64511 


22 




39 


46 48 


18 12 


45930 


99982 


46948 


54052 


00018 


64070 


21 




40 


U 46 40 


13 20 


8.46366 


9.99982 


8.4^385 


11.53615 


10.00018 


11.53634 


20 




41 


46 32 


13 28 


46799 


99981 


46817 


63183 


00019 


53201 


19 




42 


46 24 


13 86 


47226 


. 99981 


• 47245 


52755 


00019 


62774 


18 




43 


46 16 


13 44 


47660 


99981 


47669 


52331 


00019 


52350 


17 




44 


46 8 


13 62 


48069 


99980 


48089 


51911 


00020 


61931 


16 




45 


11 46 


14 


8.48485 


9.99980 


8.48505 


11.51495 


10.00020 


11.51515 


15 




46 


46 62 


14 8 


48896 


99979 


48917 


51083 


00021 


51104 


14 




47 


46 44 


14 16 


49304 


99979 


49325 


60675 


00021 


50696 


13 




48 


46 36 


14 24 


49708 


99979 


49729 


50271 


00021 


50292 


12 




49 


45 28 


14 32 


60108 


99978 


50130 


49870 


00022 


49892 


11 




50 


11 45 20 


14 40 


8.50504 


9.99978 


8.50527 


11.49473 


10.00U22 


11.4949G 


10 




51 


45 12 


14 48 


60897 


99977 


50920 


49080 


0005i3 


49103 


9 




52 


45 4 


14 66 


51287 


99977 


51310 


48690 


00023 


48713 


8 




53 


44 66 


15 4 


51673 


99977 


51696 


48304 


00023 


48327 


7 




54- 


44 48 


15 12 


52055 


99976 


62079 


47921 


00024 


47945 


6 




55 J 


11 44 40 


Id 20 


8.62434 


9.99976 


8.52469 


11.47541 


10.00024 


ll.'i7.366 


5 




56 


44 32 


16 28 


62810 


99975 


62835 


47166 


00025 


47190 


4 




57 


44 24 


16 36 


53183 


99975 


53208 


46792 


00025 


46817 


3 




58 


44 16 


16 44 


63552 99974 


53578 464221 


00026 


46448 


2 




59 44 8 


15 62 


639191 99974 


53945 460551 00026 


46081 


1 




60 44 


16 


64282' 99974 


M1308' 


45692 
Tan^eDt. 


00026 


45718 







M. tHcNirp.MJ] 


HoQrAHi. 


Co-sine. 1 Sine. 


Co-tang.« 


Co-MH-aut 


Secant i M. 1 





91 Degs. 



PCM. 2P. 



Am \ 



.MM.- V*. 





% 




Log. Sines, i angents and Secants. 










■ 


2De^. 


• 




Deg.s. 177.1 






M. 


Hour A.M. 


Uoiirp.M.| Sin«. | 


Co-sine. 


Tangent. Co-tang. 


Secant. jCo-secamj 


at 

60 







11 44 


16 


3.54282 


9.99974 


8. 5430iJ 11.46692 


10.00026 


11.457181 






1 


43 52 


16 8 


54642 


99973 


54669 


45331 


00027 


45358; 59 






2 


43 44 


16 16 


54999 


99973 


55027 


44973 


00027 


45001' 58 






3 


43 36 


16 24 


65354 


99972 


55382 


44618 


00028 


•44C46' 57 






4 


43 28 


16 32 


65705 


99972 


55734 


44266 


00028 


4429.5! 


56 




5 


11 43 20 


16 40 


8.56054 


9.99971 


8.560i;3 


11.43917 


10.00029 


11.43946 


5J 






6 


43 12 


16 48 


56400 


99971 


56429 


43571 


00029 


43600 


54 






7 


43 4 


16 56 


66743 


99970 


56773 


43227 


00030 


43257 


53 






8 


42 56 


17 4 


67084 


99970 


57114 


42886 


00030 


42916 


52 




1 


9 


42 48 


17 12 


57421 


9996'J 


67452 


42548 


00031 


42579 


51 




! 


10 


11 42 40 


17 20 


8.57757 


9.99969 


8.67788 


11.42212 


10.00031 


11.42243 


5v 






11 


42 32 


17 28 


58089 


99968 


58121 


41879 


00032 


41911 


49 




12 


42 24 


17 36 


58419 


99968 


58451 


41549 


00032 


415H1 


48 




i 


13 


42 16 


17 44 


58747 


99967 


68779 


41221 


00033 


41253 


47 




1 


14 


42 8 


17 52 


59072 


99967 


69105 


40895 


00033 


40928 


4£ 




15 


11 42 


18 


8.59395 


9.9i^l'67 


8.59428 


11.40572 


10.00033 


II.4O6O0 


46 






16 


41 52 


18 8 


59715 


99966 


69749 


40251 


00034 


40285 


44 






17 


41 44 


18 16 


60033 


99966 


60068 


39932 


00034 


39967 


43 1 
42 1 




18 


41 36 


18 24 


60349 


99965 


60384 


39616 


00035 


39651 




19 


41 28 


18 32 


60662 


99964 


60698 


39302 


00036 


39338 


41 ; 




20 


11 41 20 


18 40 


8.60973 


9.99964 


8.61009 


11.38991 


10.00036 


11.39027 40 






21 


41 12 


18 48 


61282 


99963 


61319 


38681 


00037 


38718 39 






22 


41 4 


18 66 


61589 


99963 


61626 


38374 


00037 


38411 38 






23 


40 56 


19 4 


61894 


99962 


61931 


38069 


00038 


38106 37 






24 


40 48 


19 12 


62196 


99962 


62234 


37766 


00038 


37804 36 




25 


U 40 40 


19 20 


8.62497 


9.99961 


8.62535 


11.37465 


10.00039 


11.37603 


35 




i 


26 


40 32 


19 28 


62795 


99961 


62834 


37166 


00039 


37205 


34 






27 


40 24 


19 36 


63091 


99960 


63131 


36869 


00040 


36909 


33 


1 




28 


40 16 


19 44 


63385 


99960 


63426 


36574 


00040 


36615 


32 ,1 




29 


40 8 


19 62 


63678 


99959 


63718 


362S2 


00041 


36322 


31 ! 


30 


11 40 


20 


8.63968 


9.99959 


8.64009 


11.35991 


10.00041 


11.36032 


30 i|i 




31 


39 52 


20 8 


64256 


99958 


64298 


35702 


00042 


S6744 


29 ;i 




32 


39 44 


20 16 


64543 


99958 


64585 


36415 


00042 


35457 


28 


1 


' 


33 


39 36 


20 24 


64827 


99957 


64870 


35130 


00043 


35173 


27' 


■ 




34 


39 28 


20 32 


66110 


99956 


65164 


34846 


00044 


34890 


36 


1 


35 


11 39 20 


20 40 


8.65391 


9.99956 


8.65435 


11.34565 


10.0004i 


11.34609 


25 1' 




36 


39 12 


20 48 


66670 


99955 


65715 


34285 


00045 


34330 


24 






37 


39 4 


20 56 


66947 


99955 


66993 


34007 


00045 


34053 


23 






38 


38 56 


21 4 


66223 


99954 


66269 


3S731 


00046 


33777 


22 




' 


39 


38 48 


21 12 


66497 


99954 


66643 


33457 


00046 


33503 


21 , 


40 


11 38 40 


.0 21 20 


8.66769 


9.99953 


8.66816 


11.33184 


10.00047 


11.33231 


20 




41 


38 32 


I 21 28 


67039 


99962 


67087 


32913 


00048 


32961 


19 




42 


38 24 


21 36 


67308 


99952 


67356 


32644 


OOO'IS 


32692 


18 1 




43 


38 16 


21 44 


67575 


99961 


67624 


32376 


00049 


82425 


17 1 




44 


38 8 


21 52 


67841 


99951 


67890 


32110 


00049 


3J159 


16 1 


45 


11 38 


22 


8.68104 


9.99950 


8.68154 


11.31846 


10.00050 


11.31896 


15 , 




46 


37 52 


22 8 


68367 


99949 


68417 


31583 


00051 


31633 


14 ; 




47 


37 44 


22 16 


68627 


99949 


. .68678 


31322 


00051 


31373 


13 ' 


, 


48 


37 36 


22 24 


68886 


99948 


* 68938 


31062 


00052 


31114 


13 1 




49 


\ 37 28 


22 32 


69144 


99948 

9.99947 


69196 


30804 


00052 


30856 


n : 


50 


U 37 20 


22 40 


8.69400 


8.69453 


11.30547 


10.00053 


11.30600 


10 




51 


37 12 


22 48 


69654 


999i6 


69708 


30292 


00054 


30346 


9 ; 




52 


37 4 


22 56 


69907 


99946 


69962 


30038 


00054 


30093 


8 * 




53 


36 56 


23 4 


70159 


99945 


70214 


29786 


00055 


29841 


7 


" 


54 


36 48 


23 12 


70409 


99944 


70465 


29535 


00056 


29591 


6 ' 


55 


11 36 40 


23 ^20 


8.70658 


9.99944 


8.707J4 


11.29286 


Ip. 00056 


11.29342 







56 


36 32 


23 23 


70906 


99943 


70962 


29038 


00057 


29095 


» 4 


t 


57 


36 24 


23 36 


7115] 


99942 


71208 


28792 


00058 


2884S 


1 3 




58 


36 16 


23 44 


71396 


99942 


71453 


28547 


00058 


28605 


i 2 




59 


36 8 


23 52 


71638 


99941 


71697 


23303 


00059 


2886iJ 


I 1 




GO 


36 


24 


71880 


99940 


71940 


28060 
Tanjrent. 


00060 


2jJ12(J 


i 


1 


M. f 


hourp.M. 


HouFA.M. CorsineJ 


Sine. 


Co-tang. 


'Co-secant 


Secant. 


M- 

• 



T- •»' 



.•.Jl. 



JjOg. Skies, Tangents and Secants. 



SDeffi. . 










• 




I>«g» 


.176. 


M 


HOUTA.M. 


Hoorp.M. 


Sine. 


Co-siue. 


Tangent. 


Cp-tang. Secant. 


[Co-secant 


M i 





11 36 


24 


8.71880 


9.99940 


8; 71 940 


11.2806010.00060 


11.28120 


60 1 


1 


3d 52 


24 8 


72120 


99940 


72181 


27819 


00060 


27880 59 1 


2 


95 44 


24 16 


72359 


99939 


72420 


27680 


00061 


27641 


58 


3 


35 36 


24 24 


72697 


99938 


72669 


27341 


00062 


27403, 


57 


4 


35 28 


24 32 


72834 


99938 


72896 


27104 


00062 


27166 


56 


5 


11 35 20 


24 40 


8.73069 


9.99937 


8.73132 


11.26868 


10.00063 


11.26931 


55 


6 


35 12 


24 48 


73303 


99936 


73366 


26634 


OOO&i 


26697 


54 


7 


35 4 


24 56 


73535 


99936 


73600 


26400 


00064 


26466 


53 


8 


34 56 


25 4 


73767 


99935 


73832 


26168 


00066 


26233 


52 


9 


34 48 


25 12 


73997 


99934 


74063 


25937 


00066 


26003 
11.26774 


51 


10 


11 34 40 


25 20 


8.74226 


9.99934 


8.74292 


11.25708 


10.00066 


50 


11 


54 32 


' 25 28 


74454 


99933 


74521 


25479 


00067 


25646 


49 


li 


34 24 


25 36 


74680 


99932 


74748 


25252 


00068 


253201 


48 


13 


34 16 


25 44 


74906 


99932 


74974 


25026 


00068 


25094 


47 


14 


34 8 


26 52 


76130 


99931 


75199 


24801 


00069 


24870 


46 


Id 


11 34 


26 


8.75353 


9.99930 


8.75423 


11.24677 


10.00070 


11.24647 


45 


16 


33 52 


26 8 


75576 


99929 


76646 


24365 


00071 


24426 


44 


17 


33 44 


26 16 


76796 


99929 


76867 


24133 


00071 


24206 


43 


18 


33 36 


26 24 


76015 


99928 


. 76087 


23913 


00072 


23985 


42 


19 


33 28 


26 32 


76234 


99927 


76306 


23694 


00073 


23766 


41 


20 


11 33 20 


26 40 


8.76451 


9.99926 


8.76326 


11.23475 


10.00074 


11.23549 


40 


21 


33 12 


26 48 


76667 


99926 


76742 


23258 


00074 


23333 


39 


22 


33 4 


26 66 


76883 


99925 


76938 


23042 


00075 


23117 


38 


23 


32 56 


27 4 


77097 


99924 


77173 


22827 


00076 


22903 


37 


24 
26 


32 48 


27 12 


77310 


99923 


77387 


22613 


,00077 


22690 


36 


11 32 40 


27 20 


8.77522 


9.99923 


8.77600 


11.22400 


10.00077 


11.22478 


35 


26 


32 32 


27 28 


77733 


99922 


77811 


22189 


00078 


22267 


34 


27 


32 24 


27 36 


77943 


99921 


78022 


21978 


00079 


22057 


33 


28 


32 16 


27 44 


78162 


99920 


78232 


21768 


00080 


21848 


32 


29 
30 


32 8 


27 62 


78360 


99920 


78441 


21569 


00080 


21640 


31 


n 32 


28 


8.78668 


9.99919 


8.78649 


11.21361 


10.00081 


11.21432 


30 


31 


31 62 


28 8 


78774 


99918 


78866 
79061 


21146 


00082 


21226 


29 


32 


81 44 


28 16 


78979 


99917 


20939 


00083 


21021 


28 


33 


31 36 


28 24 


79183 


99917 


79266 


20734 


00083 


20817 


27 


34 
35 


31 28 


28 32 


79386 


99916 


79470 


20630 


00084 


20614 


26 


11 31 20 


28 40 


8.79588 


9.99916 


8.79673 


11.20327 


10.00086 


11.20412 


25 


36 


31 12 


2Q 48 


79789 


99914 


79876 


20125 


00086 


20211 


24 


37 


31 4 


28 66 


79990 


99913 


80076 


19924 


00087 


20010 


23 


38 


30 56 


29 4 


80189 


99913 


80277 


19723 


00087 


19811 


22 


39 
40 


30 48 


29 12 


80388 


99912 


50476 


19524 


00088 


19612 


21 


11 30 40 


29 20 


8.80585 


9.99911 


8.80674 


11.19326 


10.00089 


11.19416 


20 


41 


30 32 


29 28 


80782 


99910 


80872 


19128 


00090 


19218 


19 


42 


30 24 


29 36 


80978 


99909 


81068 


18932 


00091 


19022 


la 


43 


30 16 


29 44 


81173 


99909 


81264 


18736 


00091 


18827 


17 


44 
45 


30 8 


29 52 


81367 


99908 


81469 


18541 


00092 


18633 


16 


11 30 


30 


8.81560 


9.99907 


8.81663 


11.18347 


10.00093 


11.18440 


15 


46 


29 62 


30 8 


81752 


99906 


81846 


18154 


00094 


18248 


14 


47 


29 44 


30 16 


81944 


99906 


82038 


17962 


00095 


18056 


15 


48 


29 36 


30 24 


82134 


99904 


82230 


17770 


00096 


17866 


12 


49 
50 


29 28 


30 32 


82324 


99904 


82420 


17580 


00096 


17676 


11 


11 29 20 


30 40 


8.82613 


9.99903 


8.82610 


11.17390 


10.00097 


11.17487 


10 


51 


29 12 


30 48 


82701 


99902 


82799 


17201 


00098 


17299 


9 


' 62 


29 4 


30 66 


82888 


99901 


82987 


17013 


* 00099 


17112 


8 


53 


28 56 


31 4 


83076 


99900 


83175 


16826 


00100 


16925 


7 


54 


28 48 


31 12 


83261 


99899^ 


83361 


16639 


00101 


16739 


6 


55 J 


[1 28 40 


31 20 


8.83446 


9,99898 


8.83347 


11.16463 


10.00102 


11.16554 


5 


56 


28 32 


31 23 


83630 


99898 


83732 


16268 


00102 


16370* 4 [ 


. 57 


28 24 


31 36 


83813 


99897 


83916 


16084 


00103 


16187 


3 


! 58 


28 16 


31 44 


83996 


99896 


84100 


16900 


00104 


16004 


2 


59 


28 8 


31 52 


84177 


99896 


84282 


15718 


00105 


15823 


1 


60 

M i 


28 


32 


84358 


99894 
Sine. 


84464 


15636 00106 


15642 





^oiirp.M. 


HourA.M. 


Cp-sine. 


Co-tang , 


Tangent. Co-secapv 


Secant.' M | 



98 D^fft, 



Degs. 86 



».' 



/ 



4 Pegs. 

I M |HourA.;ii.lHourp.ii. 




1 

2 

4 



5 
6 
7 

8 
9 



U 28 01 
27 62 
27 44 
27 36 
27 28 



92 
82 8 
52 16 

82 24 
32 32 



10 
11 
12 
13 
14 



U 27 20 
27 12 
27 4 
26 56 
26 48 



32 40 
32 48 

32 56 

33 4 
33 12 



U 



15 
16 
17 
18 
19 



20 
21 

22 
28 

24 



26 
26 
27 
28 

29 



26 40 
26 32 
26 24 
26 16 
26 8 



11 26 
26 62 
26 44 
26 36 
26 28 



II 26 20 
26 12 
26 4 
24 66 
24 48 



33 20 
33 28 
33 36 
33 44 
33 62 



Log. Sine8| Tangents and Secants. 

Dep. 17; 
Co-tang. I Secant. |Co-8ecam.] M 



Sine. I Co-sine. 
8.84358 9.99894 



846391 
84718 
84897 
86076 



8.86252 
86429 
86605 
86780 
85955 



34 
34 8 
34 16 
34 24 
34 32 



Si9893 
99892 
99891 
99891 



9.99890 
99889 
99888 
99887 
99886 



Tangeitl, 



8.84464 
84646 
86826 
85006 
85186 



8.86128 
86301 
86474 
86646 
86816 



30 
31 
32 
38 
34 



36 
36 
37 
38 
89 



It 24 40 
24 32 
24 24 
24 16 
24 8 



11 24 
23 62 
23 44 
83 36 
23 28 



40 
41 
42 
43 
44 



46 
46 
47 
48 
49 



U 28 20 
23 12 

23 4 
22 66 
22 48 



T\ 



22 40 
22 32 
22 24 
22 16 
22 8 



34 40 
34 48 
34 66 
36 4 
36 12 



J5 20 
36 28 
36 36 

35 44 

36 62 



36 
36 
36 16 
36 24 
36 32 



8.86987 
87166 
87326 
87494 
87661 



8.87829 
87995 
88161 
88326 
88490 



9.99885 
99884 
99883 
99882 
99881 



9.99880 
99879 
99879 
99878 
99877 



8.88654 
88817 
88980 
89142 
89304 



36 40 
36 48 

36 66 

37 4 
37 12 



50 

61 
62 
63 
64 



66 
66 

67 
66 
69 
60 



U 22 

21 62 
21 44 
21 36 
21 28 



11 



21 20 
21 12 
21 4 
20 56 
20 48 



.0 37 20 
37 28 
87 36 
37 44 
37 62 



38 
88 8 
38 16 
38 24 
38 32 



8.89464 
89625 
89784 
89943 
90102 



8.90260 
90417 
90674 
90730 
90885 



9.99876 
99876 
998741 
99873 
99872 



8.86363 
8554(^ 
85717 
85893 
86069 



11.15536 
163641 
16174 
14994 
14815 



8.86243 
86417 
86691 
86763 
86935 



8.87106 
87277 
87447 
87616 
87785 



11.14637 
14460 
14283 
14107 
13931 



U. 13757 
13683 
13409 
13237 
13066 



10.00106 
00107 
00108 
00109 
00109 



11.15642 

16461 
16282 
16103 
14925 



60 
59 
58 
57 
56 



10.00110 
00111 
00112 
00113 
00114 



a 



9.99871 
99870 
99869 
99868 
99867 



9.99866 
99866 
99864 
99863 
99862 



8.87953 
88120 
88287 
884631 
88618 



8.88783 
88948 
89111 
89274 
89437 



8.91040 
91195 
91349 
91502 
91666 



11 



20 40 
20 32 
20 24 
20 16 



38 40 
38 48 

38 56 

39 4 
39 12 



8.91807 
91959 
92110 
92261 
92411 



9.99861 
99860 
99859 
99868 
99867 



9.99856 
99866 
99864 
99863 
99862 



12894 
12723 
12653 
12384 
12216 



11 



.1?047 
11880 
11713 
11547 
11382 



10.00116 
.00116 
00117 
00118 
00119 



10 



.00120 
00121 
00121 
00122 
00123 



11.14748 
14571 
14395 
14220 
14045 



55 
54 
53 
52 
51 



11.13872 
13699 
13526 
13355 
13184 



50 
49 
43 

47 
46 



10 



11 



.11217 
11052 
10889 
10726 
10663 



8.89598 
89760 
89920 
90080 
90240 



a 



8.90399 
90667 
90716 
90872 
91029 



10402 
10240 
10080 
09920 
09760 



11.09601 
09443 
09286 
09128 
08971 



00124 
00126 
00126 
00127 
0ai28 



la 



00129 

00130 

00131 

001321 

00133 



11.13013 
12844 
12675 
12506 
12339 



11 



.12171 
12005 
11839 
11674 
11510 



11 



10 



00134 
00136 
0Q136 
0Q137 
00138 



8.9^1185 
91340 
91495 
91650 
91803 



9.99851 
99860 
99848 
99847 
99846 



20 
20 



8 




lr\ 



M iHoi^'p.ii. 



89 20{ 
89 28 
39 36 
39 44 

39 62 

40 



8.92661 
92710 
92859 
93007 
93154 



9.99846 
99844 
99843 
99842 
99841 



HourA.M.i Co-siOfe. 



8.93301 
93448 
93694 
93740 
93886 
94030 



8.91957 
92110 
92262 
92414 
92665 



8.92716 
92866 
93016 
93166 
9381^ 



11.06815 
08660 
08506 
083601 
08197 



11.08043 
07890 
07738 
07686 
07436 



10.00139 
00140 
00141 
00142 
00143 



,11346 
11183 
11020 
10858 
10696 



11.10536 
10375 
10216 
10057 
09898 



45 
44 

43 
42 
41 



40 
39 
38 
37 
36 



35 
34 

33 
32 
31 



10.00144 
00146 
00146 
00147 
00148 



10.00149 
00160 
00162 
00163 
00164 



11.07284 
07134 
06984 
06835 
06687 



10.00165 
00166 
00167 
00168 
001591 



11.09740 



09583 24 



09426 



09270 22 



09115 



11.08960 
08805 
08651 
08498 
08345 



11.08193 
08041 
07890 
07739 
07589 



V 



94 Peps. 



9.99840 8.9346211.0663810.0016011.06699 5 

99839 93609 06391 00161 06552 4 

99838 93756 06244 00162 06406 3 

99837 93903 06097 00163 06260 2 

99836 94049 05951 00164 06115 I 

99834 1 94 W 06806 00166 1 ^05970 

' Sine. " f Co^tEnr.rFanisent.tCo-mcamf Secant. J~3 

_ Den I 



U. 07439 
07290 
07141 
06993 
06846 



30 
59 
28 
27 
36 



25 



23 



21 



20 
19 
18 
17 

Ji 

IS 
14 
13 
12 
11 



10 
9 
8 
1 

6. 



i^og. dines^ i' angents and oecaiiis. 



5 Oegs. 














Degs. it^ 


M 


HoarA.ii.fHoiiiT.ii. 


Sine, 1 Co-sine. | 


Tangent- Co-tang.| 


Secant (Co-i9caat| 


M 





11 20 


40 


8.94030 


9.99834 


8.94195 


11.05805 10.00166111. 069701 


60 


1 


19 52 


40 8 


94174 


99833 


94340 


056601 


00167 


05826 


59 


2 


19 U 


40 16 


94317 


99832 


94485 


05516 


00168 


95688 


58 


3 


19 36 


40 24 


94461 


99831 


94630 


05370 


• 00169 


0553^ 


57 


4 


19 28 


40 32 


94603 


99830 


94773 


06227 


00170 


05397 


56 


5 


11 19 20 


40 40 


8.94746 


9.99829 


8.94917 


11.05083 


10.00171 


11.05254 


55 


6 


19 12 


40 48 


94887 


99828 


95060 


04940 


00172 


05113 


54 


7 


19 4 


40 56 


95029 


99827 


95202 


04798 


00173 


04971 


53 


8 


18 56 


41 4 


95170 


99826 


95344 


04656 


00175 


04830 


52 


9 


18 48 


41 12 


95310 


99824 


95486 


04614 


00176 


04690 


61 


10 


11 18 40 


41 20 


8.95450 


9.99823 


8.96627 


11.04373 


10.00177 


11.04550 50 1 1 


11 


18 32 


41 28 


95589 


99822 


96767 


04233 


00178 


04411 


49 


12 


18 24 


41 36 


95728 


99821 


96908 


04092 


00179 


04272 


48 


13 


18 16 


41 44 


95867 


99820 


96047 


03953 


00180 


04133 


47 


14 


18 8 


41 52 


96005 


99819 


96187 


03813 


00181 


03995 


46 


15 


11 18 


42 


8.96143 


9.99817 


8.96325 


11.03675 


10.00183 


11.03857 


45 


16 


17 52 


42 8 


96280 


99816 


96464 


03636 


00184 


03720 


44 


17 


17 44 


42 16 


96417 


99815 


96602 


03398 


00185 


03583 


43 


18 


17 36 


42 24 


96653 


99814 


96739 


03261 


00186 


03447 


42 


19 


17 28 


42 32 


96689 


99813 


9687t 


03123 


00187 


03311 


41 


20 


U 17 20 


42 40 


8.96825 


9.99812 8.97013 


11.02987 


10.00188 


t 1.03175 


40 


21 


17 12 


42 48 


96960 


99810 


97150 


02850 


00190 


03040 


39 


22 


17 4 


42 56 


97095 


99809 


97285 


02715 


00191 


02905 


38 


23 


16 56 


43 4 


97229 


99808 


97421 


02679 


00191 


02771 


37 


24 


16 48 


43 12 


97363 


99807 


97666 


02444 


0019$ 


02637 


36 


26 


11 16 40 


43 20 


8.97496 


9.99806 


8.97691 


11.02309 


10.00194 


11.02504 


35 


26 


16 32 


43 28 


97629 


99804 


97826 


02175 


00196 


02371 


34 


27 


16 24 


43 36 


97762 


99803 


97969 


02041 


00197 


02238 


33 


28 


16 16 


43 44 


97894 


99802 


98092 


01908 


00198 


02106 


32 


29 


16 8 


43 52 


98026 


99801 


98225 


01775 


00199 


0197^ 


31 


30 


11 16 


44 


8.9»157 


9.99800 


8.98358 


11.0164^ 


10.00200 


11.01843 


30 


31 


15 52 


44 8 


98288 


99798 


98490 


01510 


00209 


01719 


29 


32 


15 44 


44 16 


98419 


99797 


9862!? 


01378 


00203 


01581) 


28 


33 


15.36 


44 24 


98649 


99796 


98763 


01247 


00204 


01451; 


27 


34 


15 28 


44 32 


98679 


99795 


98884 


01116 


00205 


01321 


26 


3d 


U 15 20 


44 40 


U. 98808 


9.99793 


8.99016 


11.00986 


10.00207 


11.0119:2 


25 


36 


15 12 


44 48 


98937 


99793 


99146 


00855 


00208 


01063 


24 


37 


15 4 


44 56 


99066 


9979i 


99276 


00726 


00209 


00934 


23 


38 


14 56 


45 4 


99194 


99790 


99405 


0059^ 


00210 


00806 


22 


39 


14 48 


45 1% 


99322 


99788 


99534 


00466 


00212 


00678 


21 


40 


11 14 40 


45 20 


8.99450 


9.99787 


8.99662 


11.00338 


10.00213 


11.00550 


20 


41 


14 32 


45 28 


99577 


99786 


99791 


00209 


00214 


00423 


19 


42 


14 24 


45 36 


99704 


99785 


99919 


00081 


00216 


00296 


18 


43 


14 16 


45 44 


99830 


99783 


9.00046 


10.99954 


00217 


00170 


17 


44 


14 8 


45 52 


99956 


99782 


00174 


99826 


00218 


00044 


16 


45 


U 14 


46 


9.00082 


9.99781 


9.00301 


10.99699 


10.00219 


10.99918 


15 


46 


13 62 


46 8 


00207 


99780 


00427 


99673 


00220 


99793 


14 


47 


13 44 


46 16 


00332 


99778 


00553 


99447 


00222 


Sf96<;8 


13 


48 


13 36 


46 24 


00466 


99777 


00679 


9d321 


00223 


99544 


12 


49 


13 28 


46 32 


00681 


99776 


00805 


99196 


00224 


99419 


11 


50 


11 13 20 


46 40 


9.00704 


9.99775 


9.00930 


10.99070 


ia.00225 


10.99296 


10 


61 


13 12 


46 48 


00828 


99773 


01055 


98945 


00227 


99172 


9 


' 52 


13 4 


46 56 


0Q951 


99772 


01179 


98821 


00228 


99049 


8 


53 


12 56 


47 4 


01074 


99771 


0t303 


98697 


00229 


98926 


7 


54 


12 48 


47 12 


01196 


99769 


01427 


98573 


00231 


98804 


6 


66 


11 12 40 


47 20 


9.01318 


9.99768 


9.01550 


10.98450 


10.00232 


10.98682 


5 

4 i 


56 


12 32 


47 28 


01440 


99767 


01673 


98327 


00233 


98560 


57 


12 24 


47 36 


01561 


99765 


01796 


98204 


00236 


98439 


3 


58 


12 16 


47 44 


01682 


• 99764 


01918 


98082 


00236 


98318 


2 ; 


59 


12 8 


47 52 


01803 


99763 


02040 


97960 


00237 


98197 


1 


60 


12 0|. 48 Ol 


01923 99761 


02162 


97838 


00239 


98077 





M 1] 


dourp.M. HoiirA.17.1 


Co-sine. Sine. 


Co-tang.' Tangent 


Co-secant 


Secant. 


M 1 



95 Degs. 



D9gs. 84 



Log. Siiies^ Tangents aud Secants. 





6 Degs. 














Degs. 


173. 


, 


M 




HourA.M. 


Hourp.H. 


Sine. 


(io-sine. Tangent. 


Co-tang. Secant. 


Cosecant 


I M 




11 12 


48' 


9.01923 


9.99761 


9.02162 


10.97838110.00239 


10.98077 


60 ! 




1 


11 52 


48 8 


02043 


99760 


02283 


97717 


00240 


97957 


59 i 




2 


11 44 


48 16' 


02163 


99759 


02404 


97596 


00241 


97837 


58 ! 




3 


11 36 


48 «4 


02283 


99767 


02525 


97475 


00243 


97717 


67 




4 


11 28 


48 32 


02402 


99756 


02645 


97356 


00244 


97598 


56 




6 


U 11 20 


48 40 


9.02520 


9.99766 


9.02766 


10.97234 


10.00245 


10.97480 


i 55 ! 




6 


U 12 


48 48 


02639 


99763 


02885 


97115 


00247 


97361! 54 




7 


11 4 


48 56 


02757 


99752 


03005 


96996 


00248 


972i3 53 




8 


10.56 


49 4 


02374 


99751 


03124 


96876 


00249 


97126i 52 




9 


10 48 


49 12 


02992 


99749 


03242 


96758| 00261 


97008 


51 1 
50 




10 


U 10 40 


49 20 


9.03109 


9.99748 


9.03361 


10.96639 


10.00262 


10.96891 




11 


10 32 


49 28 


03226 


99747 


03479 


96621 


00253 


96774 


49 




12 


10 24 


49 36 


03342 


99745 


03597 


96403 


00256 


96658 


48 




13 


10 16 


49 44 


03458 


99744 


03714 


96286 


00266 


96542 4? 1 




14 


10 8 


49 52 


03574 


99742 


03832 


96168 


00268 


96426 


46 




15 


11 10 a 


50 


9.03690 


9.99741 


9.03948 


10.96062 


10.00259 


10.96310 


45 




16 


9 52 


50 8 


03805 


99740 


04066 


95936 


00260 


96195; 44 1 




17 


9 44 


50 16 


03920 


99738 


04181 


96819 


00262 


96080 


43 




18 


9 3^ 


50 24 


04034 


99737 


04297 


95703 


00263 


95966 


42 




19 


9 28 


60 32 


04149 


99736 


04413 


95587 


00264 


96861 


41 


1 


20 


11 9 20 


50 40 


9.04262 


9.99734 


9.04528 


10.95472 


10.00266 


10.95738 


40 




21 


9 12 


50 48 


04376 


99733 


04643 


95357 


00267 


956241 39 




22 


9 4 


60 56 


04490 


99731 


04768 


^6242 


00269 


966101 38 




23 


8 56 


51 4 


04603 


99730 


04873 


96127 


00270 


95397 


37 




24 


8 48 


51 12 


04715 


99728 


04987 


95013 


00272 


96285 


36 




25 


11 8 40 


51 20 


9.04828 


9.99727 


9.05101 


10.94899 


10.00273 


10.95172 


36 




26 


8 32 


51 28 


04940 


99726 


05214 


94786 


00274 


96060 


34 




27 


8 24 


61 36 


05052 


99724 


05328 


94671^ 


00276 


94948 


33 




28 


8 16 


61 44 


05164 


99723 


06441 


94669 


00'277 


94836 


32 




29 


8 8 


61 52 


06276 


99721 


05663 


94447 


00279 


94726 


31 

3U 




30 


11 8 


52 


9.05386 


9.99720 


9.06666 


10.94334 


10.00280 


10.94614 




31 


7 52 


52 8 


05497 


99718 


05778 


94222 


00282 


94503 


29 




32 


7 44 


52 16 


05607 


99717 


06890 


94110 


•00283 


94393 


38 




S3 


7 36 


62 24 


05717 


99716 


06002 


93998 


00284 


•94283 


27 




34 


7 28 


52 32 


05827 


99714 


06113 


93887 


00286 


94173 


26 




35 


11 7 20 


52 40 


9.06937 


9.99713 


9.06224 


10.93776 


10.00287 


10.94063 


25 




36 


7 12 


52 48 


06046 


99711 


06336 


93666 


00289 


93954 


24 




37 


7 4 


52 66 


06156 


99710 


06445 


93566 


00290 


93845 


23 




38 


6 56 


53 4 


06264 


99708 


06556 


93444 


00292 


93736 


22 




39 


6 48 


53 12 


06372 


99707 


06666 


93334 


00293 


93628 


21 
20 




40 


11 6 40 


53 20 


9.06481 


9.99705 


9.06776 


10.93225 


io. 00295 


10.93619 




41 


6 32 


53 28 


06589 


99704 


06885 


93115 


00296 


93411 


19 




42 


6 24 


53 36 


06696 


99702 


06994 


93006 


00298 


93304 


18 




43 


6 16 


53 44 


06804 


99701 


07103 


92897 


00299 


93196 


17 




44 


6 8 


63 62 


06911 


99699 


07211 


92789 


00301 


93089 


16 




45 


11 6 


54 


9.07018 


9.99698 


9.07320 


10.92680 


10.00302 


10.92982 


^^ 1 




46 


6 52 


54 8 


07124 


99696 


07428 


92572 


00304 


92876 


14 1 




47 


5 44 


54 16 


07231 


99695 


07636 


92464 


00305 


92769 


13 ! 




48 


6 36 


54 24 


07337 


99693 


07643 


92357 


00307 


92663 


12 ' 




49 


5 28 


54 32 


07442 


99692 


07751 


92249 


00308 


92558 


11 




50 


11 5 20 


54 40 


9.07548 


9.99690 


9.07858 


10.92142 


10.00310 


10.92462 


10 j 




51 


5 IS 


54 48 


07653 


99689 


07964 


92036 


00311 


92347 


9 




52 


6 4 


54 56 


07758 


99687 


08071 


91929 


00313 


92242 


8 




53 


4 56 


55 4 


07863 


99686 


08177 


91823 


00314 


92137 


7 




54 


4 48 


55 12 


07968 


99684 


08283 


91717 


00316 


92032 


6 




55 


11 4 40 


55 26 


9.08072 


9.99683 


9.08389 


10.91611 


10.00317 


10.91928 


5 1 




56 


4 32 


55 28 


08176 


99681 


08495 


91605 


00319 


91824 


4 I 




67 


4 24 


65 36 


08280 


99680 


08h00 


91400 


00320 


91720 


3 ; 




58 


4 16 


66 44 


08383 


9S678 


08705 


91295 


00322 


91617 


2 ' 


K 


59 


4 8 56 52 


084861 


99677 


08810 


91190 


00323 


91514 


1 




1 60 


4 


56 0| 
HlourA.M.! 


08589 
Co-sine. 


99676 


08914 


91086 


00326 


91411 


; 


1 M .1 


biOUl'P.M.il 


Sine. 


Co-tan^.l 


Tangent. 


Co-secant 


Secant. 


M 1 



96De9i. 



Vega. 83. 







Lug. SineS) Tangents and SecmiU 


;. 








TDegB. 








D«gs. 172. 


M 


HourA.M. 


Hoarp.M. 


Sine. 


Co-sine. | 


Tangent.) Co-tang. [ Secant. |Co-secaDt| M 







11 4 


66 


9.08589 


9.99675 


9.08914 


10.91086 


10.00325 


10.91411 60 




1 


3 52 


56 8 


08692 


99674 


O90J9 


90981 


00326 


91308 


59 




2 


3 44 


66 16 


08795 


99672 


09123 


90877 


00328 


91205 


53 




3 


3 36 


66 24 


08897 


99670 


09227 


S0773 


00330 


91103 


67 




4 


3 28 


1 66 32 


08999 


99669 


09330 


90670 


00331 


91001 


56 




6 


11 3 20 


56 40 


9.09101 


9.99667 


9.09434 


10.90566 


10.00333 


10.90899 


55 




6 


3 12 


56 48 


09202 


99666 


09637 


90463 


00334, 


90798 


64 




7 


3 4 


66 56 


• 09304 


99664 


09640 


90360 


00336 


90696 


63 




8 


2 56 


87 4 


09405 


99663 


09742 


90258 


!K)337 


90695 


52 




9 


2 48 


57 12 


09506 


99661 


09845 


90155 


00339 


90494 


61 




10 


11 2 40 


57 20 


9.09606 


9.99659 


9.09947 


10.90053 


10.00341 


10.90394 


50 




11 


2 32 


67 28 


09707 


99658 


10049 


89951 


00342 


90293 


49 




12 


2 24 


67 36 


09807 


99656 


10150 


89850 


00344 


90193 


48 




13 


2 16 


67 44 


09907 


99655 


10252 


89748 


00345 


90093 


47 




14 


2 8 


67 62 


10006 


99653 


10353 


89647 


00347 


89994 


46 




15 


11 2 6 


58 


9.10106 


9.99651 


9.10454 


10.89546 


10.00.S49 


10.89894 


45 




16 


1 52 


68 8 


10206 


99650 


10555 


89445 


00350 


89795 


44 




17 


1 44 


68 16 


10304 


99648 


10656 


89344 


0035S 


89696 


43 




18 


1 36 


68 24 


10402 


99647 


10756 


89244 


00353 


89598 


42 




19 


1 28 


68 32 


10501 


99646 


10856 


89144 


00355 


89499 


41 




20 


11 1 20 


58 40 


9.10699 


9.99643 


9.109.56 


10.89044 


10.00357 


10.89401 


40 




21 


1 12 


68 48 


10697 


99642 


11056 


88944 


00350 


89303 


39 




22 


1 4 


68 56 


10795 


9964(» 


11155 


88845 


00360 


89205 


38 




23 


56 


69 4 


10893 


99638 


1125^ 


88746 


00362 


89107 


37 




24 


48 


59 12 


10990 


99637 


11353 


88647 


00363 


89010 


36 




25 


11 40 


69 20 


9.11087 


9.99635 


9.11452 


10.88548 


10.00365 


10.38913 


35 




26 


32 


59 28 


11184 


99633 


11551 


88449 


00367 


88816 


34 




27 


24 


69 36 


11281 


99632 


11649 


88351 


00368 


88719 


33 




28 


16 


69 44 


11377 


99630 


11747 


882o3 


00370 


88623 


32 




29 


a 


69 52 


11474 


99629 


11845 


881.55 


00371 


88526 


31 




30 


11 


1 


9.11670 


9.99627 


9.11943 


10.88057 


10.00373 


10.88430 


30 




31 


10 59 52 


8 


11666 


99625 


12040 


87960 


00375 


88334 


29 




32 


59 44, 


16 


11761 


99624 


12138 


87862 


00376 


88239 


28 




33 


59 36 


24 


11857 


99622 


12235 


87765 


00378 


88143 


27 




34 


59 28 


32 


11952 


99620 


12332 


87668 


00380 


88048 


26 




35 


10 59 20 


1 40 


9.12047 


9.99618 


9.12428 


10.87572 


10.00382 


10.87953 


25 




36 


59 12 


48 


12142 


99617 


12525 


87476 


00333 


8785C 


24 




37 


59 4 


56 


12236 


99616 


12621 


87379 


00385 


87764 


23 




38 


58 56 


1 4 


12331 


99613 


12717 


87283 


00387 


87669 


22 




39 


58 48 


1 12 


12425 


99612 


12813 


87187 


00383 


87575 


21 




40 


10 58 40 


1 1 20 


9.12519 


9.99610 


9.12909 


10.87091 


10.00390 


10.87481 


20 




41 


58 32 


1 28 


12612 


99608 


13004 


86996 


00392 


87388 


19 




42 


58 24 


1 36 


12706 


99607 


13099 


86901 


00393 


87294 


18 




43 


58 16 


1 44 


12799 


99605 


13194 


86806 


00395 


87201 


17 




44 


58 8 


1 52 


12892 


99603 


13289 


86711 


00397 


87108 


16 




45 


10 58 


1 2 


9.12985 


9.99601 


9.13384 


10.86616 


10.00399 


10.87015 


15 




46 


67 52 


% 8 


13078 


99600 


13478 


86522 


00400 


86922 


14 




47 


57 44 


2 16 


13171 


99598 


13573 


86427 


00402 


86829 


13 




48 


57 36 


2 24 


13263 


99596 


13667 


86333 


00404 


86737 


12 




49 
50 


57 28 


2 32 


13355 


99595 


13761 


86239 


00405 


86645 


11 




10 67 20 


1 2 4» 


9.13447 


9.99593 


9.13854 


10.86146 


10.00407 


10.865.<33 


10 




51 


67 12 


2 48 


13539 


99591 


13948 


86062 


004C9 


86461 


9 




52 


67 4 


> 2 56 


13630 


99589 


14041 


85959 


00411 


86370 


8 




53 


66 56 


' 3 4 


13722 


99688 


14134 


85866 


00412 


86278 


7 




54 


66 48 


3 12 


13813 


99686 


14227 


05773 


00414 


86187 


6 




55 J 


[0 56 40 


1 3 20 


9.13904 


9.99584 


9.14320 


10.85680 


10.00416 


10.86096 


5 




56 


56 32 


3 28 


13994 


99582 


14412 


85588 


00418 


86006 


4 




57 


56 24 


3 36 


14085 


99581 


14504 


85496 


00419 


85915 


3 




58 


66 16 


3 44 


14175 


90679 


14597 


85403 


00421 


85825 


2 




59 


66 8 


3 52 


14266 


99677 


14688 


85312 


00423 


85734 


1 




60 


&6 


4 


14356 


99575 
Sine. 1 


14780 


85220 


0042.) 


85614 



M 


• M it 


^OUIT.M. ] 


liourA.M. 


Co-sine. 


CQ-t«n?. 


Tftiijfcnt. 


Co-scoaiil 


Secant. ' 



97 Dcg6. 



Dcxs. ail 



8Degs. 



Log. Sines, Tangents and Secants. 



Dess. 171. 



M iHourA.H. 




1 
2 
3 
4 



5 
6 
7 
8 
9 



10 
11 
12 
13 
14 



15 
16 
17 
18 
19 



20 

21 
22 
23 
24 



25 
26 
27 
28 
29 



10 56 
55 52 
55 44 
55 36 
55 28 



10 



55 20 
55 12 
55 4j 
54 56 
54 48 



10 54 40 
54 32 
54 24 
54 16 
54 8 



10 54 
53 52 
53 44 
53 36 
53 28 



10 53 20 
53 12 
53 

52 56 
52 4S 



30 
31 
32 
33 
34 



35 
36 
37 
38 
39 



10 52 40 
52 32 
52 24 
62 16 

62 8 



10 62 
51 
51 
51 
51 




52 
44 
36 
28 



Hourp.H. 







8 



4 
4 
4 16 
4 24 
4 32 



4 

4 
4 
6 
6 



401 
48 
56 



12 



5 20 

5 S 

6 36 

5 44 

6 52 



6 
6 
6 16 
6 24 
6 32 



6 
6 
6 

7 
7 



40 
48 
66 
4 
12 



7 20 
7 23 
7 36 
7 44 

7 62 



8 
8 8 
8 16 
8 24] 

8 32 



Sine. I Co-sine. [Tangent 



9.143561 9.99675 
14445 
14635 
14624 
14714 



9.14803 
14891 
14980 
15069 
15157 



9.15246 
15333 
15421 
16508 
15596 



9.15683 
15770 
35857 
15944 
16030 



9.16116 
16203 
16289 
16374 
16460 



9 . 16646 
16631 
16716 
16301 
16886 



99574 
99672 
99670 
99568 



9.99566 
99565 
99563 
99561 
99559 



9.99557 
99556 
99654 
99552 
99560 



9.99548 
99546 
99646 
99643 
99541 



,99539 
99537 
99635 
99533 
99332 



.99530 
99528 
995'26 
99524 

99522 



40 
41 
42 
43 

44 



10 51 
51 
51 
60 
50 



20 
12 
4 
56 
4d 



10 50 
50 
50 
50 
50 



40 
32 
24 
16 
8 



8 401 
8 48 

8 56 

9 4 
9 12 



9 20 
9 28 
9 36 
9 44 
9 52 



.16970 
17055 
17139 
17223 
17307 



9.17391 
17474 
17558 
17641 
17724 



9.99620 
99518 
99617 
99515 
99513 



9.99611 
99509 
99507 
99506 
99503 



9.17807 
17890 
17973 
18055 
18137 



9.99501 
99499 
99497 
99496 
99494 



14780 
14872 
14963 
15054 
15145 



.15236 
15327 
15417 
15508 
15598 



9.16688 
15777 
15867 
15956 
16046 



9.16136 
16224 
16312 
16401 
16489 



9.16577 
16665 
16753 
16841 
16928 



9.17016 
17103 
17190 
17277 
17363 



9.17460 
17536 

17622 
17708 

177941 



9.17880 
17965 
18051 
18136 
18221 



Co-tang. | Secant. jCo-secantiM 

10.856441 60 



10.86220(10.00426 
851281 00426 



85037 
84946 
84855 



10.84764 
84673 
84583 
84492 
84402 



10.84312 
84223 
84133 
84044 
83954 



10. 



83865 
83776 
83688 
83599 
83511 



10 



83423 
83335 
83247 
83159 
83072 



00423 
00430 
00432 



10.00434 
00435 
00437 
00439 
00441 



10.00443 
00444 
00446 
00448 
004501 



10.00452 
00454 
00455 
00457 
00469 



10.00461 
00463 
00465 
00467 
00468 



10.82984 
82897 
82810 
82723 
82637 



10.82550 
82464 
82378 
82292 
82206 



10.82120 
82035 
81949 
81864 
81779 



9.18306 
18391 
18475 
18560 
18644 



10.81694 
81609 
81525 
81440 
81356 



10.00470 
00472 
00474 
00476 
00478 



10 



00480 
00482 
00483 
Q0485 
00487 



10. 



00489 
00491 
00493 
00495 
00497 



10.00499 
00501 
00503 
00506 
00506 



85565 
86466 
85376 

85286 



10.85197 

85109 



85020 53 



84931 
84843 



10.84755 

84667 
84579 
84492 
84404 



10. 



84317 
84230 
84143 
84066 

83970 



10. 



83884 
83797 
83711 
83626 
835401 



59 
58 
57 
56 



55 
54 



52 
51 



50 
49 
4S 

47 
46 



45 
44 
43 
42 
41 



10. 



83465 
83369 
832S4 
83199 
83114 



10 



83030 
82945 
82861 
82777 
82693 



10. 



82609 
82526 
82442 
82369 
82276 



10.82193 
82110 
82027 
81946 
81863 



40 
39 
38 
37 
%_ 

35 
34 
33 
32 
31 

¥" 

29 
28 
27 
26 



25 
24 
23 
22 
21 

lo" 

19 
18 
17 
16 



45 

46 
47 
48 
49 



50 
51 
52 
53 
54 



55 
56 
57 
58 
59 
60 



10 50 

49 52 
49 44 
49 36 
49 28 



10 49 20 
49 12 
49 4 
48 56 
48 48 



10 48 40 
48 32 
48 24 
48 16 
48 8 
48 



1 10 
10 8 
10 16 
10 24 
10 32 

1 10 40 
10 48 

10 56 

11 4 
11 12 



9.18220 
18302 
18383 
18465 
18547 



9.99492 
99490 
99488 
99486 
99484 



9.18728 
18812 
18896 
18979 
19063 



10.81272 
81188 
811041 
81021 
80937 



10.00508 
00510 
00512 
00514 
00516 



10.81780 
81698 
81617 
81536 
81453 



15 
14 
13 
12 
U 



1 



1 



M l Hourp.M.|HourA.M. 



11 20 
11 28 
11 36 
11 44 

11 52 

12 



9.18628 
18709 
18790 
18871 
18952 



9.99482 
99480 
99478 
99476 
99474 



9.19146 
19229 
19312 
19396 
19478 



10.80854 
80771 
80688 
80605 
80522 



10.00518 
00520 
00522 
00524 
00526 



9.19033 
19113 
19193 
19273 
19353 
19433 



Co-sine. 



9.99472 
99470 
99468 
99466 
99464 
994G2 



Sine. 



9.19561 
19643 
19726 
19807 
19889 
19971 



10.80439 
80357 
80276 
80193 
80111 
80029 



10.00528 
00530 
00532 
00534 
00536 
00538 



10.8137!^ 
81291 
81210 
81129 
81048 



10 I 
9 
8 
7 
6 



¥ 1 

J 



10.80967 

80887 4 

80807 3 

80727 2 

806471 1 

80567| 



Co-tang.l Tangent J Co-secantI Secant, i M 

Degs. 81. 



i 





- 


Log. iSmesy 'i angeiiu aiid 6ecanis 


» 


' 




9Degs. 




Oeg8. 170. J 


M 


HourA.M. 


Hourp.ii.| Sine. | Co-sine. 


Tangent. Co-tanj!;.| Secaiit 


Co-secant 


M 


u 


10 48 


1 12 D 


9.19433 


9.99462 


9.19971 


10.80029 


10.00538 


10.80567 


60 


1 


47 62 


12 8 


19513 


99460 


20053 


79947 


00540 


80487 


69 


2 


47 44 


12 16 


19692 


99468 


20134 


79866 


00542 


80408 


68 


3 


47 36 


12 24 


19672 


99456 


20216 


79784 


00544 


80328 


67 


4 


47 28 


12 32 


19761 


99454 


20297 


79703 


00546 


80249 


56 


5 


10 47 20 


1 J2 40 


9.19830 


9.99452 


9.20878 


10.79622 


10.00548 


10.80170 


55 


6 


47 12 


12 48 


19909 


99450 


20469 


79541 


00550 


60091 


54 


7 


47 4 


12 66 


19988 


99448 


20540 


79460 


00562 


80012 


63 


8 


46 66 


IS 4 


20067 


99446< 


20621 


79379 


00554 


79933 


62 


9 


46 48 


13 12 


20145 


99444 


20701 


79299 


00556 


79855 


51 


10 


10 46 40 


1 13 20 


9.20223 


9.99442 


9.20782 


10.79218 


10.00558 


10.79777 


60 


11 


46 32 


13 28 


20302 


99440 


20862 


79138 


00560 


79698 


49 


12 


46 24 


13 36 


20380 


99438 


20942 


79058 


00562 


79620 


48 


13 


46 16 


13 44 


20458. 


99436 


21022 


78978 


00564 


79642 


47 


14 


46 8 


13 62 


20535 


99434 


21102 


78898 


00566 


79465 


46 


Id 


10 46 


1 14 


9.20613 


9.99432 


9.21182 


10.78818 


10.00568 


10.79387 


45 


16 


45 62 


14 8 


20691 


99429 


21261 


78739 


00671 


79309 


44 


17 


45 44 


14 161 


20768 


_ 99427 


21341 


78659 


• 00573 


79232 


t 


18 


45 36 


14 241 


20845 


99425 


21420 


78580 


00575 


79165 


19 


45 28 


14 32 


20922 


99423 


21499 


78501 


00577 


79078 


41 


20 


10 45 20 


1 14 40 


9.20999 


9.99421 


9.21578 


10.78422 


10.00579 


10.79001 


40 


21 


45 12 


14 48 


21076 


99419 


21657 


78343 


00681 


78924 


39 


22 


45 4 


14 66 


21153 


99417 


21736 


78264 


00583 


78847 


38 


23 


44 66i 


15 4 


21229 


99415 


21814 


78186 


00585 


78771 


37 


24 


44 48 


15 12 


21306 


99413 


21893 


78107 


00587 


78694 


36 


25 


10 44 40 


1 16 20 


9.21382 


9.99411 


9.21971 


10.78029 


10.00589 


10.78618 


35 


26 


44 32 


15 28 


21468 


99409 


22049 


77951 


00691 


78642 


34 


27 


44 24 


15 36 


21634 


99407 


22127 


77873 


00693 


78466 


33 


28 


44 16 


15 44 


21610 


99404 


22205 


77795 


00596 


78390 


32 


29 


44 8 


15 62 


21685 


99402 


22283 


77717 


00598 


78316 


51 


30 


10 44 


1 16 


9.21761 


^9.99400 


9.22361 


10.77639 


10.00600 


10.78239 


30 


31 


43 52 


16 8 


21836 


99398 


22438 


77562 


00602 


78164 


29 


32 


43 44 


16 16 


21912 


99396 


22516 


77484 


00604 


78088 


28 


33 


43 36 


16 24 


21987 


99394 


22693 


77407 


00606 


78013 


27 


34 


43 28 


16 32 


22062 


99392 


22670 


77330 


00608 


77938 


26 


35 


10 43 20 


1 16 40 


9.22137 


9.99390 


9.22747 


10.77253 


10.00610 


10.77863 


25 


36 


43 12 


16 48 


22211 


99388 


228i24 


77176 


00612 


77789 


24 


37 


43 4 


16 66 


22286 


99386 


22901 


77099 


00616 


77714 


23 


38 


42 56 


17 4 


22361 


99383 


22977 


77023 


00617 


77639 


22 


39 


42 48 


17 12 


22436 


99381 


23054 


76946 


00619 


77565 


21 


40 


10 42 40 


1 17 20 


9.2%509 


9.99379 


9.23130 


10.76870 


10.00621 


10.77491 


20 


41 


42 32 


17 28 


22583 


99377 


23206 


76794 


00623 


77417 


19 


42 


42 24 


17 36 


22657 


99376 


23283 


76717 


00625 


77343 


18 


43 


42 16 


17 44 


22731 


99372 


23359 


76641 


00628 


77269 


17 


44 


42 8 


17 62 


22806 


99370 


23436 


76666 


00630 


77195 


16 
15 


45 


10 42 


1 18 


9.22878 


9.99368 


9.23510 


10.76490 


10.00632 


10.77122 


46 


41 62 


18 8i| 22952 


99366 


23686 


. 76414 


00634 


77048 


14 


47 


41 44 


18 16 


23026 


99364 


23661 


76339 


00636 


76975 


13 


48 


41 36 


18 24 


23098 


99362 


23737 


76263 


00638 


76902 


12 


49 


41 28 


18 32 


23171 


99369 


23812 


76188 


00641 


76S29 


11 


60 


10 41 20 


1 18 40 


9.23244 


9.99357 


9.23887 


10.76113 


10.00643 


10.76766 


10 


51 


41 12 


18 48 


23317 


99365 


23962 


76038 


00645 


76683 


9 


62 


41 4 


18 56 


23390 


99353 


24037 


75963 


00647 


76610 


8 


63 


40 56 


19 4 


23462 


99351 


24112 


75888 


00649 


76638 


7 


64 


40 48 


19 12 


23535 


99348 


24186 


75814 


00662 


76465 


6 


65 


10 40 40 


1 19 20 


9.23607 


9.99346 


9.24261 


10.75739 


10.00654 


10.76393 


6 


56 


40 32 


19 28 


23679 


99344 


24336 


75665 


00656 


76321 


4 


67 


40 24 


19 36 


23752 


99342 


24410 


75690 


00658 


76248 


3 


68 


40 16 


19 44 


23823 


99340 


24484 


75616 


00660 


76177 


2 


69 


40 8 


19 52 


23896 


99337 


24568 


75442 


00663 


76105 


1 


60 


40 


20 


23967 


99335 


24632 


75368 


00665 


76033 





M 


Hourp.M. 


HonrA.M.l 


Co'Sine. 


Sine. 


Co-tang. 


Tangent. 


Co-secant Secajit. 


M 



»■-■■■■ fBtm I ■ ■ 

99 Pegs. 



Ati 



Pegs. 80. 



liOg. Sines, Tangents and Secant;? . 



101 


)egs. 
HourA.M.|Hourp.M.| 












De|ipB. 169. 




I M 11 


Sine. 


Co* sine. 


Tangent. | 


.Co-tang. Secant, j 
10.75368110.00666 


Co-8e(*ant M | , 







10 40 


1 20 


9.23967 


9.99336 


9.24632| 


10.76033 60 ' 




1 


39 52 


20 8 


24039 


99333 


24706> 762941 00667| 76961| 


69 i 




2 


39 44 


20 16 


24110 


99331 


24779 


75221 


00669 


76890 


58 




3 


39 36 


20 24 


24181 


99328 


24853 


76147 


00672 


75819 


67 




4 


39 28 


20 32 


24253 


99326 


24926 


76074 


00674 


75747 


66 
55 




5 


10 39 20 


1 20 40 


9.24324 


9.99324 


9.26000 


10.76000 


10.00676 


10.75676 




6 


39 12 


20 48 


24395 


99322 


25073 


74927 


00678 


76605 


64 




7 


39 4 


20 66 


24466 


99319 


25116 


74854 


00681 


75634 


53 




8 


38 66 


21 4 


24536 


99317 


25219 


74781 


00683 


75464 


52 




9 


38 48 
10 38 40 


21 12 


24607 


99316 


25292 


74708 


00685 


75393 


51 




10 


1 21 20 


9.24677 


9.99313 


9.25366 


10.74636 


10.00687 


10.75323 


60 


• 


11 


38 32 


21 28 


24748 


99310 


25437 


74563 


00690 


76252 


49 




12 


38 24 


21 36 


243 li; 


99308 


25510 


74490 


00692 


76182 


48 


* 


13 


38 16 


21 44 


21.838 


99306 


25582 


74413 


00694 


75112 


47 




14 


38 8 


21 62 


24958 


9i>304 


25656 


74345 


00696 


75042 


46 




15 


10 38 


1 22 


9.2JO:2t5 


9.99301 


9.25727 


10.74273 


10.00699 


10.74972 


45 




16 


37 62 


22 8 


25098 


99299 


25799 


74201 


00701 


74902 


44 




17 


37 44 


22 16 


26168 


99297 


25871, 


74129 


00703 


74832 


43 ' 


. 


11 


37 36 


22 24 


25237 


99294 


25943 


74067 


00706 


74763 


42 ' 




37 28 


22 32 


25307 


99292 


26015 


73985 


00708 


74693 


41 




20 


10 37 20 


1 22 40 


9.26376 


9.99290 


9.26086 


10.73914 


10.00710 


10.74624 


40 




21 


37 n 


22 48 


26'146 


99288 


26158 


73842 


00712 


74666 


39 




22 


57 4 


22 66 


26514 


99285 


26229 


73771 


00715 


74486 


38 




23 


36 66 


23 4 


26683 


9928S 


26301 


73C99 


00717 


74417 


37 




24 


36 48 


23 12 


25662 


99281 


26372 


73628 


00719 


74348 


36 . 
35 




25 


10 36 40 


1 23 20 


9.26721 


9.99278 


9.26443 


10.73667 


10.00722 


10.74279 




26 


36 32 


23 28 


26790 


99276 


26614 


73486 


00724 


74210 


34 




27 


36 24 


23 36 


25868 


99274 


26686 


73416 


00726 


74142 


33 ; 




28 


36 16 


23 44 


25927 


99271 


26656 


73345 


00729 


74073 


32 




29 


36 8 


23 52 


25995 


99269 


26726 


73274 


00731 


74005 


31 
30 




30 


10 36 


1 24 


9.26063 


9.99267 


9.26797 


10.73203 


10.00733 


10.73937 




31 


35 62 


24 8 


26131 


99264 


26867 


73133 


00736 


73869 


29 




32 


35 44 


24 16 


26199 


99262 


26937 


73063 


00738 


73801 


28 




33 


3d 36 


24 24 


26267 


99260 


27008 


72992 


00740 


73733 


27 


1 


34 


35 28f 


24 32 


26335 


99257 


27078 


72922 


00743 


73666 


26 

25 




3d 


10 36 20 


1 24 40 


9.26403 


9.99266 


9.27148 


10.72862 


10.00746 


10.73597 




36 


35 12 


24 48 


26470 


99262 


27218 


72782 


00748 


73530 


24 


' 


37 


35 4 


24 66 


26638 


99250 


27288 


72712 


00760 


73462 


23 




38 


34 66 


36 4 


26605 


99248 


27357 


72643 


00762 


73396 


22 




39 


34 48 


25 12 


26672 


99245 


27427 


72573 


00766 


73328 


21 
20 




40 


10 34 40 


1 26 20 


9.26739 


9.99243 


9.27496 


10.72604 


10.00767 


10.73261 




41 


34 32 


25 28 


26806 


99241 


27666 


72434 


00759 


73194 


19 




42 


34 24 


26 36 


26873 


99238 


27636 


72366 


00762 


73127 


18 


^ 


43 


34 16 


26 44 


26940 


99236 


27704 


72296 


00764 


73060 


17 




44 
45 


34 8 


25 62 


27007 


99233 


27773 


72227 


00767 


72993 


16 
15 




10 34 


1 26 


9.27073 


9.99231 


9.27842 


10.7216fi 


10.00769 


10.72927 




46 


33 52 


26 8 


27140 


99229 


27911 


72089 


00771 


72860 


14 




47 


83 44 


26 16 


27206 


99226 


27980 


7202d 00774 


72794 


13 




43 


33 36 


26 24 


27273 


99224 


28049 


71951 


00776 


72727 


12 




49 


33 28 


26 32 


27339 


99221 


28U7 


71883 


00779 


72661 


11 
10 




50 


10 33 20 


1 26 40 


9.27406 


9.99219 


9.28186 


10.71814 


10.00781 


10.72596 




51 


33 12 


26 48 


27471 


99217 


28254 


71746 


00783 


72629 


9 




62 


33 4 


26 66 


27537 


99214 


28323 


71677 


00786 


72463 


8 




63 


32 66 


27 4 


27602 


99212 


28391 


71609 


00788 


72398 


7 




54 


32 48 


27 12 


27668 


99209 


28469 


71541 


00791 


72332 


6 




66 


10 32 40 


1 27 20 


9.27734 


9.9y207 


9.28627 


10.71473 


10.00793 


10.72266 


6 




66 


32 32 


27 28 


27799 


99204 


28695 


71406 


00796 


72201 


4 




67 


32 24 


27 36 


27864 


99202 


28662 


71338 


00798 


72136 


3 




68 


32 16 


27 44 


27930 


99200 


28730 


71270 


00800 


7207(> 


2 




69 


32 8 


27 62 


27996 


99197 


28798 


71202 


00803 


72006 


1 




60 


32 


28 


28060 


99195 


28865 


71136 


00806 


71940 


1 




, M 


Hourr.M. 


Hour^.BC. 


Co-sinc. 


Sine. 


' Co-tang. 'Tangent. 


Co-secant 


Secant. 


M ^ 



100 Uegs. 



Degs. 79. 



11 Pegs. 



Log. Sines, i angents and SecautS. 



M 



O 
1 
2 
3 
4 



5 

6 

7 
8 
9 



HourA.M. 



10 32 

31 52 

31 U 

31 36 

. 31 28 



lO 
11 
12 
13 
14 



15 
16 
17 
18 
19 



20 
21 

22 
23 

24 



25 
26 
27 
28 
29 



30 
31 
32 

34 



35 
36 
37 
38 
39 



40 
41 
42 
43 
44 



45 

46 
47 
48 
49 



10 31 20 
31 12 
31 4 
30 56 
30 48 



10 



30 40 
30 32 
30 24 
30 16 
30 8 



10 30 
29 62 
29 44 
29 36 
29 28 



10 29 20 
29 12 
29 4 
28 56 
28 48 



10 28 40 

28 32 

28 24 

28 16 

tjlB 8 



10 28 
27 52 
27 44 
27 36 
27 28 



10 27 
27 



20 
12 
27 4 
26 56 
26 48 



10 26 40 
26 32 
26 24 
26 16 
26 8 



10 26 
25 52 
25 44 
25 36 
25 28 



50 
51 

52 
53 

54 



55 
56 
57 
58 
59 
60 { 



10 25 
25 
25 
24 
24 



20 
12 

4 
56 
48 



10 24 
24 
24 

24 
24 
24 



40 
32 
24 
16 
8 




Hourp.M.| Sine. I Co-sme. 



Peg. 168. 



1 28 

28 8 

28 16 

28 24 

28 32 



1 28 40 
28 4S 

28 56 

29 4 
29 12 



1 



29 20 
29 28 
29 36 
29 44 
29 52 



30 
30 8 
30 16 
30 24 

30 32 



1 30 40 
30 48 

30 56 

31 4 
31 12 



31 20 
31 28 
31 36 
31 44 
31 62 



32 
32 8 
32 16 
32 24 
32 32 



1 32 40 
32 48 

32 66 

33 4 
33 12 



1 



33 20 
33 28 
33 36 
33 44 
33 52 



34 
34 8 
34 16 
34 24 
34 32 



34 40 
34 48 

34 56 

35 4 
35 12 



36 20 
35 28 
35 36 
35 44 

35 52 

36 



9.28060 
28125 
28190 
28254 
28319 



9.28384 
23448 
28512 
28577 
28641 



9.28705 
28769 
28333 
28896 
28960 



.290241 
29087 
29150 
29214 
29277 



9.293*0 
29403 
29466 
29329 
29591 



9.29654 
29716 
29779 
29841 
29903 



9.29966 
30028 
30090 
30151 
30213 



9.30275 
30336 
30398 
30459 
30521 



9.30682 
30643 
30704 
30765 
30826 



.30887 
30947 
31008 
31068 
31129 



9. 31189 
31250 
31310 
31370 
31430 



9.31490 
31549 
31609 
31669 
31728 
31788 



M iHoiirp.M. HourA.M.' Co-sinff. 
101 Deg.s. 



9.99193 
99192 
99190 
99187 
99185 



9.99182 
99180 
99177 
99175 
99172 



9.99170 
99167 
99166 
99162 
99160 



9.99157 
99155 
99152 
99150 
99147 



9.99145 
99142 
99140 
99137 
99135 



9.99132 
99130 
99127 
99124 
99122 



9.99119 
99117 
99114 
99112 
99109 



9.99106 
99104 
99101 
99099 
99096 



9.99093 
99091 
99Q88 
99036 
990831 



9.99080 
99078 
99075 
99072 
99070 



Tangent. 



CJo-tang 



9.28865 
28933 
29000 
29067 
29134( 



9.29201 
29268 
29335 
29402 
29468 



,29535 
29601 
29668 
29734 
29800 



.29866 
29932 
29998 
30064 
30130 



9.30195 
30261 
30326 
30391 
30457 



9.30522 
30687 
30652 
30717 
30782 



9.30846 
30911 
30975 
31040 
31104 



9.31168 
31233 
31297 
31361 
31426 



9.31489 
31552 
31616 
31679 
31743 



9.31806 
31870 
31933 
31996 
32059 



9.99067 
99064 
99062 
99059 
99056 



9.99054 
99051 
99048 
99046 
99043 
99040 



ii^ine. 



9.32122 
32185 
32248 
32311 
32373 



9.32436 
32498 
32561 
32623 
32685 
32747 



10.71135 
71067 
71000 
70933 
70866 



10.70799 
70732 
70665 
70598 
70532 



10 



70465 
70399 
70332 
70266 
70200 



10 



.70134 
70068 
70002 
69936 
69870 



10, 



69803 
69739 
69674 
69609 
69543 



10.69478 
69413 
69348 
69283 
69218 



10.69154 
69089 
69025 
63960 
68896 



10.68832 
68767 
68703 
68639 
68576 



10.68511 
68448 
68384 
68321 

68257 



10.67878 
67815 
67752 
67689 
67627 



10.67664 
67502 
67439 
67377 
67315 
67253 



Co-tang.l Tangent. 



Secant. 



10.00805 
00808 
00810 
00813 
00815 



10.00818 
00820 
00823 
00825 
00828 



10.00830 
00833 
00835 
00838 
00840 



10.00843 
00845 
00848 
00860 
00853 



10.00853 
00858 
00860 
00863 
00866 



10.00868 
00870 
00873 
00876 
00878 



10.00881 
00883 
00886 
00888 
00891 



10.00894 
00896 
00699 
00901 
00904 



10.00907 
00909 
00912 
00914 
00917 



10.68194110.00920 
68130 00922 
68067 00925 
68004 00928 
67941 00930 



10.00933 
00936 
00938 
00941 
00944 



10.00946 
00949 
00962 
00954 
00957 
00960 



Co-secant M 



10 



.71940 
71875 
71810 
7n46 
71681 



60 
69 
58 
67 
56 



10 



.71616 
71552 
71488 
71423 
71369 



10.71295 
71231 
71167 
71104 
71040 



10.70976 
70913 
70850 
70786 
70723 



10.70660 
70697 
70634 
70471 
704091 



10.70346 
70284 
70221 
70169 
70097 



10.70034 
69972 
69910 
69849 
69787 



10.69725 
69664 
69602 
69641 
69479 



10.69418 
69357 
69296 
69236 
69174 



10.69113 
69063 
68992 
68932 
68871 



10.68811 
68760 
68690 
68630 
68670 



10.68510 
68461 
68391 
68331 
68272 
68212 



55 
54 
53 
52 
61 



60 
49 
48 
47 
46 



46 
44 

43 

42 
41 



40 
39 
38 
37 
36 



36 
34 
33 
32 
31 



30 
29 

28 
27 
26 



26 
24 
23 
22 
21 



20 
19 
18 
17 
16 



16 
14 
13 
12 
11 



10 
9 
8 
7 
6 



5 
4 
3 

1 





C o-secan t' Secant. ' M 







• 


Log. Sines, Tangents and Secani^, 










12 Pegs. 




Uegs. 167. 




M 


HourA.ic 


Hourf.M. 


Sine. 


Co-sine. Tangent. 


Co-tang. 


Secant. Co-socaiit 


M 







10 24 


1 36 


9.31788 


9.99040 


9.32747 


10.67263 10. 00960" 10. 68212 


6U 




1 


23 52 


36 8 


31847 


99038 


32810 


67190 


00962 


68163 


69 




2 


23 44 


36 16 


31907 


99035 


32872 


67128 


00965 


68093 


68 




3 


23 36 


36 24 


31966 


99032 


32933 


67067 


00968 


68034 


57 




4 


23 28 


36 32 


32025 


99030 


32995 


67006 


00970 


67975 


56 


5 


10 23 20 


1 36 40 


9.32084 


9.99027 


9.33057 


10.66943 


10.00973 


10.67916 


55 




6 


23 12 


36 48 


32143 


99024 


33119 


66881 


00976 


67857 


54 




7 


23 4 


36 56 


32202 


99022 


33180 


66820 


00978 


67798 


53 




8 


22 56 


37 4 


32261 


99019 


33242 


66768 


00981 


67739 


52 




9 


22 48 


37 12 


32319 


99016 


33303 


66697 


00984 


67681 


51 


10 


10 22-40 


1 37 20 


9.32378 


9.99013 


9.33366 


10.66635 


10.00987 


10.67622 


50 




11 


22 82 


37 28 


32437 


99011 


33426 


66674 


00989 


. 67563 


49 




12 


22 24 


37 36 


32496 


99008 


33487 


66613 


00992 


67506 


48 




18 


22 16 


37 44 


32653 


99006 


38548 


66452 


00995 


67447 


47 




14 


22 8 


37 62 


32612 


99002 


83609 


66391 


00998 


67388 


46 


14 


10 22 


1 38 


9.32670 


9.99000 


9.33670 


10.66330 


10.01000 


10.67330 


45 




16 


21 52 


38 8 


32728 


98997 


33731 


66269 


01003 


672721 


44 




17 


21 44 


38 16 


32786 


98994 


33792 


66208 


01006 


67214 


43 




18 


21 36 


38 24 


32844 


98991 


33853 


66147 


01009 


67156 


42 




19 


21 28 


38 32 


32902 


98989 


33913 


66087 


01011 


67098 


41 i 

40 


2a 


10 21 20 


1 38 40 


9.32960 


9.98986 


9.33974 


10.66026 


10.01014 


10.67040 




21 


21 12 


38 48 


33018 


98983 


34034 


65966 


01017 


66982 


39 




22 


2t 4 


88 66 


33076 


98980 


34095 


65906 


01020 


66926 


3S 




23 


20 56 


39 4 


33133 


98978 


34156 


65845 


01022 


66867 


37 




24 


20 48 


39 12 


33190 


98976 


34215 


65785 


01025 


66810 


36 


26 


10 20 40 


1 39 20 


9.33248 


9.98972 


9.34276 


10.65724 


10.01028 


10.66762 


36 




26 


20 32 


39 28 


33306 


98969 


34336 


65664 


01031 


66696 


34 




27 


20 24 


39 36 


33362 


98967 


34396 


66604 


01033 


66638 


33 i 




28 


20 16 


39 44 


33420 


98964 


34466 


65544 


01036 


66W) 
66^ 


32 1 




29 


20 8 


39 52 


33477 


98961 


34516 


65484 


01039 


31 


30 


10 20 


1 40 


9.33634 


9.98968 


9.34576 


10.65424 


10.01042 


10.66466 


30 




31 


19 52 


40 8 


33691 


98966 


34636 


65366 


01045 


66409 


29 




Si 


19 44 


40 16 


33647 


98953 


34695 


66306 


01047 


66363 


28 




33 


19 36 


40 24 


33704 


98950 


34756 


66245 


01050 


66296 


27 




34 


19 28 


40 32 


33761 


98947 


34814 


65186 


01053 


66239 


26 

-2P 


36 


10 19 20 


1 40 40 


9.33818 


9.98944 


9.34874 


10.66126 


10.01056 


10.66182 




3f> 


19 12 


40 48 


33874 


98941 


34933 


65067 


01059 


66126 


24 




37 


19 4 


40 66 


33931 


98938 


34992 


65008 


01062 


66069 


23 




38 


18 56 


41 4 


33987 


98936 


36061 


64949 


01064 


66015 


22 




39 


18 48 


41 12 


34043 


98933 


35111 


64889 


01067 


66967 


21 


40 


to 18 40 


1 41 20 


9.34100 


9.98930 


9.36170 


10.64830 


10.01070 


10.65900 


20 1 




41 


18 32 


41 28 


34166 


98927 


35229 


64771 


01073 


65844 


19 ; 




42 


18 24 


41 36 


34212 


98924 


35288 


64712 


01076 


65788 


18 




43 


18 16 


41 44 


34268 


98921 


35347 


64653 


01079 


65732 


17 . 




44 


18 8 


41 52 


34324 


98919 


35405 


64595 


01081 


65676 


16 . 


45 


10 18 


1 42 


9.34380 


9.98916 


9.35464 


10.64536 


10.01084 


10.65620 


15 




46 


17 62 


42 8 


34436 


98913 


36523 


64477 


01087 


65664 


14 , 




47 


17 44 


42 16 


34491 


98910 


35581 


64419 


01090 


65609 


13 




48 


17 36 


42 24 


34547 


98907 


35640 


64360 


01093 


65453 


12 




49 


17 28 


42 32 


34602 


98904 


85698 


64302 


01096 


66398 


11 


50 


10 17 20 


1 42 40 


9.34668 


9.98901 


9.35767 


10.64243 


10.01099 


10.65341* 


10 . 




51 


17 12 


42 48 


34713 


98898 


36816 


64186 


01102 


65287 


9 , 




62 


17 4 


42 66 


34769 


98896 


35873 


64127 


01104 


65231 


8 




53 


16 56 


43 4 


34824 


98893 


36931 


64069 


01107 


65176 


7 




54 


16 48 


43 12 


34879 


98890 


35989 


64011 


OHIO 


65121 


6 


55 


10 16 40 


1 43 20 


9.34934 


9.98887 


9.36047 


10.63963 


10.01113 


10.65066 


6 




56 


16 32 


43 28 


34989 


98884 


36106 


63896 


01116 


65011 


4 




57 


16 24 


43 36 


36044 


98881 


36163 


63837 


01119 


64956 


3 




58 


16 16 


43 44 


35099 


98878 


36221 


63779 


01122 


64901 






59 


16 8 


43 62 


35164 


98876 


36279 


6.5721 


01126 


64346 


1 


: 


60 


16 


r 44 


36209 


98872 


36336 


63664 


01128 


64791 





M 


Hourp.M. 


Hour A.M. 


Co-sine. 


Sine. 


Co-tang. 


Tangent. 


Co-4ecant' Secant. 

TV 


M 

mm 



102 P^i 



Degs. 



hog, SintSy Tangents and Secants. 



our A. 



16 O 
15 62 
15 44 
15 36 
15 28 







15 20 
15 12 
15 4 
14 56 

14 48 







14 40 
14 32 
14 24 
14 16 
14 8 



O 



14 
13 52 
13 44 
13 36 

13 28 



10 



13 20 
13 12 
13 4 
12 5C 

12 48 



10 



12 40 
12 32 
12 24 
12 16 
12 8 



Hourp.M.! Sine. 



44 
44 
44 
44 
44 



01 9.35209 9.98372 



8 
16 
24 
32 



Co-siae. 



44 
44 
44 
45 
45 



40 
48 
66 
4 
12 



45 
45 
45 

45 
45 



20 
28 
36 
44 
52 



46 
46 

46 
46 

46 





8 

16 

U 
32 



1 46 
46 
46 
47 
47 



40 
48 
56 
4 
12 



10 12 
11 




52 
11 44 



11 
11 



36 

28 



|lO 11 20 
11 12 
11 4 
10 56 
10 48 



10 10 40 
10 32 
10 24 
10 16 
10 8 



47 
47 
47 
47 
47 



20 

28 
36 
44 

52 



48 
48 
48 
48 
48 





8 

16 

24 
32 



48 
48 
48 
49 

49 



40 
48 
56 
4 
12 



10 10 
9 5S 
9 44 
9 36 
9 28 



10 



9 20 
9 12 
9 4 
8 56 
8 48 



r 



10 8 40 

8 32 
8 24 
8 16 
8 8 
8 



HOUTP.M 



1 49 
49 
49 
49 
49 



20 
28 
36 
44 

52 



1 50 
50 
50 
50 
50 





8 

16 

24 
32 



1 50 
60 
50 
51 
51 



40 
48 
56 
4 
12 



1 51 
51 
51 
61 
51 
52 



20 
28 
36 
44 
52 




HourA-M.. 



35263 
35318 
35373 
35427 



9.354il 
35536 
36590 
35644 
35698 



9.36752 
35806 
35860 
35914 
35968 



9.36022 
36075 
36129 
36182 
36236 



9.36289 
36342 
36395 
36449 
36502 



9.36555 
36608 
36660 
36713 
36766 



9.36819 
36871 
36924 
36976 
37028 



9.37081 
37133 
37185 
37237 
37289 



9.37341 
37393 
37445 
57497 
37549 



9.37600 
37652 
37703 
37755 
37806 



9.37858 
37909 
37960 
38011 
38062 



9.38113 
38164 
38215 
38266 
38317 
38368 



98869 
98867 
988641 
98861 



9.98858 
98855 

96852 
98849 
98846 



9.98843 
98840 
98837 
98834 
98831 



9.98828 
98825 
98822 
98819 
98816 



9.98813 
98810 
98807 
98804 
98801 



9.98798 
98795 
98792 
98789 
98786 



9.98783 
98780 
98777 
98774 
98771 



9.98768 
98766 
98762 
98759 
98756 



9.98763 
98750 
98746 
98743 
98740 



9.98737 
98734 
98731 
98728 
98725 



9.98722 
98719 
98715 
98712 
98709 



9.987061 
98703 
98700 
98697 
98694 
98690 



Conine. Sine. Co-tang. 



Tangent 



9.36336 
36394 
36452 
36609 
36566 



9.36624 
36681 
36738 
36795 
36852 



9.36909 
36966 
37023 
37080 
37137 



9.37193 
37250 
37306 
37363 
37419 



9.37476 
37632 
37688 
37644 
37700 



9.37756 
37812 
37868 
87924. 
37980 



9.38035 
38091 
88147 
38202 
38257 



9.38313 
38368 
38423 
38479 
38534 



9.38689 
38644 
38699 
38764 
38808 



9.38863 
38918 
38972 
39027 
39082 



9.39136 
39190 
39246 
39299 
39353 



9.39407 
39461 
39616 
39669 
39623 
39677 



Co-tang. 



Degi. 166. 
Secant. |Co*-Meaot 



10.63664 10.01128 10.64791 
63606 01131 
63548 01133 
63491 01136 
01139 



63434 



10.63376 
63319 
63262 
63205 
63148 



10.63091 
63034 
62977 
62920 
62863 



10.62807 
62750 
62694 
62637 
62681 



10.62524 
62468 
62412 
62356 
62300 



10.62244 
62188 
62132 
62076 
62020 



10.61965 
61909 
61853 
61798 
61743 



10. 61(187 
61632 
61677 
61621 
61466 



10.61411 
61356 
61301 
61246 

6U92 



10.61137 
61082 
61028 
60973 
60918 



10.60864 
60810 
60756 
60701 
60647 



10.0114210.64519 



01145 
01148 
0)151 
011541 



10.01167 
01160 
01163 

01166 
01169 



10.01172 
01176 
01178 
01181 
011841 



10.01187 
01190 
01193 
01196 
01199 



10.01202 
01205 
01208 
01211 
01214 



10.01217 
01220 
01223 
01226 
01229 



10.01232 
01236 
01238 
01241 
012441 



10.01247 
01260 
01254 
01267 
01260 



10.01263 
01866 
01869 
01272 
01276 



10.01278 
01281 
01885 
01888 
01291 



10.60693 
60539 
60486 
60431 
60377 
60323 



10 



.01294 
01297 
01300 
01303 
01306 
01310 



M 



60 
64731 59 
64688 68 
64627 57 



6467S 56 



64464 
64410 
64366 
64302 



65 
54 

63 
62 
61 



10.64248 
64194 
64140 
64)086 
64032 



10.63978 
63926 
63671 
65818 
637641 



10.63711 
63668 
63606 
63661 
63498 



10.63446 
63892 
63840 
63S87 
63234 



10.63181 
63129 
68076 
63024 
62972 



10.62919 
62867 
62816 
62763 
62711 



10.62659 
62807 
62565 
62503 
62451 



10.62400 
62348 
62297 
62846 
62194 



10.62148 
62091 
62040 
61989 
61938 



10.61887 
61886 
61786 
61734 
61683 
616321 



66 
49 
48 
47 
'46 



46 
44 

43 

42 
41 



40 
39 
38 
37 
36 



35 
34 
33 
32 
31 



30 

29 
28 
27 
26 



25 
24 
23 
22 
21 



20 

19- 

18 

17 

16 



IS 
14 
13 
12 
11 



10 
9 
8 
7 
6 



5 
4 
3 
2 
1 




Taiigent..Co-8eca nt 1 Secant. 

Deg»r76. 



M 











Log. Sines, i'aii;; 


enls and Secants. 


i 








u 


Deg3. 






Deg. ]6d. 




M 


HourA.ii. 


Hourp.M. 


Sine. 


1 Co-sine. 


Tangent. 


Co-tane;-! Secant. 


Co'Secan 


l|M 







10 8 





1 52 


9.38368 


1 9.98690 


9.39677 


10.60a23|10.01310|l0.616;J2 6»J 




1 


7 


62 


62 8 


38418 


98687 


39:31 


60269 


Q1313 


i 6l58!i 


!U9 




2 


7 


4^1 


52 16 


38469 


98684 


39786 


60215 


01316 


! 61531 


58 




3 


7 


36 


52 £4 


38619 


98681 


39838 


60162 01319 61481 


57 




4 


7 


28 


62 32 


38670 


93673 


39892 


60108 01322 61430; 56 




6 


10 7 


20 


1 52 40 


9.S8C20 


9.98675 


9.39945 


10.60065 


10. 01S25ilO. 61380 5b 




6 


7 


12 


52 48 


38670 


98671 


39999 


60001 


01329 


61330 54 




7 


7 


4 


62 56 


88721 


98668 


40052 


59948 


01332 


61279! 53 




8 


6 


66 


63 4 


38771 


98665 


40106 


59894 


01335 


61229 52 




9 


6 


48 


63 12 


S8821 


98662 


40159 


59841 


01338 


61179 51 




10 


10 6 


40 


1 53 20 


9.38871 


9.98659 


9.4(^212 


10.59788 


10.01341 


10.61129 50 




11 


6 


32 


63 2» 


38921 


98656 


40266 


59734 


01344 


61079J 43 




12 


6 


2^ 


63 36 


38971 


98662 


40319 


59681 


01343 


61029; 48 




13 


6 


16 


53 44 


39021 


93649 


40372 


59628 


01351 


60979 47 




14 


6 


8 


53 52 


39071 


98646 


40425 

■ > 


69575 


01354 


60929] 46 




16 


10 6 





1 54 


9.39121 


9.98643 


9.40478 


10.59522 


10.01357 


10.60879 


45 




16 


6 


52 


54 8 


39170 


98640 


40531 


69469 


01360 


60330)44 




17 


5 


44 


54 16 


39220 


98636 


40584 


59416 


01364 


60780 43 




18 


5 


36 


54 24 


39270 


t 086ii3 


40636 


69364 


01367 


60730 42 




19 


5 


28 


54 32 


89319 


98630 


40689 


59311 


01370 


60681 


41 




W 


10 5 


20 


1 54 40 


9.39369 


9.98627 


9.40742 


10.59258 


10.01373110.60631 


40 




n 


5 


12 


64 48 


39418 


98623 


40795 


69205 


01377 


605B2 


39 




22 


5 


4 


54 56 


39467 


98620 


40847 


59153 


01880 


60533! 33 




23 


4 


56 


65 4 


39517 


98617 


4CJ900 


59100 


01383 


60433 37 




24 


4 


4« 


55 U 


39566 
y. 39615 


98614 
f 9.98610 


40952 


69048 


01386 


60434 36 




25 


10 4 


40 


I 55 20 


9.41005 


10.68993 


10.01390 


10.60385 


35 ■ 




26 


4 


32 


55 28 


39664 


98607 


41057 


58943 


01393 


60336 


34 




27 


4 


24 


55 36 


39713 


98604 


41109 


68891 


01396 


60287 


33 ' 




28 


4 


16 


65 44 


39762 


98601 


41161 


58839 


01399 


602Sf{ 


32 ' 




29 


4 
10 4 


8 



56 52 


39811 


98597 


41214 


68786 


01403 


60189 


31 




30 


1 56 


9.89860 


9.98594 


9T41266 


10.58734 


10.01406 


10.601401 


3(1 




31 


3 


62 


d6 8 


39909 


98591 


41318 


68682 


01409 


60091 


29 ! 




32 


3 


44 


66 16 


39958 


98588 


41370 


68630 


01412 


60042 


£3 




33 


3 


36 


56 24 


40006 


98684 


41422 


68578 


01416 


59994j 


27 ! 




34 


3 


28 


66 32 


40055 


98581 


41474 


58626 


01419 


59915 


•:6 




35 


10 3 


20 


1 66 40 


9.40103 


9.98578 


9-41526 


10.58474 


10.01422 


10.59897 


ilo 




36 


3 


12 


66 48 


40152 


98574 


41678 


68422 


01426 


69848 


24 




37 


3 


4 


66 66 


40200 


98571 


41629 


58371 


01429 


698001 


23 




38 


2 


66 


57 4 


40249 


98568 


41681 


68319 


01432 


69761 22 




39 


2 


48 


67 12 


40297 


98565 


41733 


68267 


01435 


59703 


21 




40 


10 2 


40 


1 57 20 


9.40346 


9.98561 


9.41784 


10.58216 


10.01439 


10.59654 


20 




41 


2 


32 


67 28 


40394 


98558 


41836 


68164 


01442 


59606 


t* 




42 


2 


24 


67 36 


40442 


98665 


41887 


68113 


01446 


59558 


n 




43 


2 


16 


67 44 


4049Q 


98561 


41939 


68061 


01449 


695101 


17 




44 


2 


8 


67 62 


40638 


98648 


41990 


68010 


01452 


59462 


16 




45 


10 2 





1 68 a 


9.40586 


9.98645 


9.42041 


10.67959 


10.01456 


10.59414 


15 




46 


1 


62 


68 8 


40634 


98641 


42093 


67907 


01459 


69366 


U 




47 




44 


58 16 


40682 


98638 


42144 


57856 


01462 


693181 


13 




48 




36 


68 24 


40730 


98636 


42195 


57805 


01466 


69270 


12 




49 




28 


68 32 


40778 


98631 


42246 


67754 


01469 


6922^ 


n 




60 


10 1 


20 


1 58 40 


9.40825 


9.98628 


9.42297 


10.57703 


10.01472 


10.59175 


10 




61 




12 


58 48 


40873 


98525 


42348 


67652 


01476 


59127 


9 




62 


1 


4 


68 56 


40921 


98621 


42399 


67601 


01479 


6907ft 


s 




63 





56 


•9 4 


40968 


98518 


42450 


67560 


01482 


69032 


7 




64 





48 


59 12 


41016 


98615 


42501 


67499 


01485 


68984 


6 




55 


10 


40 


1 59 20 


9.41063 


9.98611 


9.42562 


10.67448 


10.01489 


10.58937 5 




66 





32 


59 28 


41111 


98608 


42603 


67397 


01492 


58889 4 




67 





24 


69 36 


41158 


98505 


42653 


57347 


01496 


68842 


3 




68 





16 


59 44 


41205 


98501 


42704 


67296 


01499 


68795 


8 




59 





8 


59 52 


41252 


98498 


42755 


67245 


01602 


68748 


1 




60 








2 


41300 


98494 


42805 67195 


01506 


68700 







• M 1 


Hourp.M.^J 


BourA.M.I 


Co^sine. 


Sine. Co-tang. 'Tangent. 1 


Co'secant Secant. ' 



104 Dpgh 



Degs. 75. 



15 Pgg » 



Log. Siues^ Tuugi^uts and Secants. 



Pegs. 164. 



I 

L 



lU. (39 3 6l 9.41300 !^.98494j 9.4S80t 10. 57196110.0150$ 10.58700 60 



1 
2 
3 

4 



5 
6 
7 
8 
9 



10 
11 
12 
13 
14 



Id 
16 

17 
18 
19 



20 
21 
22 
23 
24 



2d 
26 
27 
28 
29 



30 
31 
32 
33 
34 



36 
36 \ 

37 
33 
39 



40 
41 
42 
43 
44 



45 
46 
47 
48 
49 



SO 
51 

52 
63 
54^ 



9.59 51 
59 44 
59 3^ 
59 2* 



9.d9 
59 li 
S^ i 
SB 6i 

56 4a 



9.56 40 
58 3t 

«6 24 
^ 16 
56 8 



M 
If 
2i 
31^ 



2 



.0 48 
5^ 

a It 



41347 984911 4^85 

4139^ $84d» 42 

41441 ^8484 4295' 
41484 ..i848| 

401 9.4153.? 9.984Tf 9.* 



2 



9.58 
57 5l 
57 44 
57 34 
57 28 

ITStTS 

57 12, 
57 4 
56 56 
$6 4ft 



9.66 40 
46 32 
56 24 
56 16 

$6 81 



I 20 
1 28 
1 34 
I 44 
1 52 



2 



2 
2 
2 1^ 
2 24 

2 32 



~^^ 



41582 98471 43101 

41624 9847) 43151 

4167^ $846t 43201 

4 l72f 08464 4325» 

9 . 41768 9.9846q 9.4330^ 
41815 
41861 
41908 
41954 



2 



2 40 
2 48 

2 56 

3 41 
3 12 



2 



9.56 01 

t6 52 

.55 44 

55 36 

55 28 



9.55 20] 
65 12 
55 4 
54 56 
54 46 

9.54 40) 
54 32 
54 24 
54 16 
54 8 



3 20 
3 28 
3 36 
3 44 
3 52 



4 
4 
4 16 
4 24 
4 32 



9.42001 
4204T 
4209iS 
42140 
42186 




$845t 4^354 5664!| 

$8451 43404 ^59^ 

d8454 43451 5654!^ 

J844t 43504 $6 49i 

9 ."98442^ 9.4355i 10 . 56^ 



9.42232 
42S78 
42324 
42370 
42416 



9.42461 
42507 
42553 
42599 
42644 



9844<l 4360tl ^^94 

98434 436dt ^344 

^8434 4370T 16294 

98424 4375^ 4624j( 

9.9842^ 9.4380^10.56194 



d8424 43856 56145 

^8414 43905 4609^ 

98415 43954 56046 

48412 .44004 45996 

9.98404) 9.44053 10.55945 



4 40 
4 48 

4 56 

5 4 
5 12 



9.42690 
42735 
42781 
42826 
42872 



98405 
48404. 
48390 
93395 



9.9839H 
98388 
983841 
48381 



44102 
44151 

44201 
44250! 



10.56691^10.0154010.58^ 



01544 ^18^ 

01541 ^139 

01554 ^09i 

01554 580 44 

10.0155^10.57999 



■4-1 



44.348 
44397 
4444^ 



9837'? 44495 



9.54 
53 5% 
53 44 
53 3l9 
53 28 



2 



5 20 
5 20 
5 36 
5 44 

5 5B 

60 

6 8 
6 16 
6 2^ 
6 32 



9.42917 
42962 
43008 
4305S|i 
43098 



9.43143 
43188 
43233 
43278 
43323 



9.98373 
93370 
48366 
48363 
98359 



9.98356 
4835S 
98349 
98345 
963418 



55898 
55849 
45799 
45750 



01526 
01524 
01531 
01536 



I JM.I 



01509 58654 

OldU 68606 

01514 48554 

0151^ JM8 512 

10. tn 92^10.58462 



58414 
5837i 
^324 
48274 



59 

51 
56 



55 
54 
53 

52 
51 



01564 579.53 

01564 ^7907 

01561 57864 

01 571 ^7814 

10.0157il0.5776t 



57*24 
47676 
47636 



50 
49 

46 



01574 
«158^ 
01584 
01584] 47 5841 ^ 

10.01591110.57^ 35 



40 
39 
18 
$7 



9.4429910.55701 



55653 



9.4454410.55456 



44592 
44641 
4469()i 
4473lg 



9.4J367 9.983318 



43412 
43457 
4350^ 
43546 



56 
67 
68 
69 
60 



9.53 20 
53 12 
53 4^ 
52 5l5 

52 4« 



2 is 40 9.43591 9. 



9.52 40 
52 32 
52 24 

•62 16 
62 B 
52 



2 



M jHotirp.M«iHottrrir i 
10J15ip! 



6 48 
•6 56^ 

7 4 
7 12 

•rs 

7 218 
7 3lS 
7 44 

7 62 

8 6 



43635 
43680 

43724 
43769 



9.438111 
43867 
43901 
43946, 
43990 
.44034} 



48^34 
48331 
98327 
98324 



9.44787J 
44836 
44884 
4493d 
44981 

9.4^^ 
45078 
46126 

451741 

45228 



55408 
46359 
55310 

66264 



015941 57494 

01594 4744t 

01602 47401 

01 604 47364 

10. OrioS 10.5731^ 



01614 
556031 01611; 
55554 
55504 




01630 
01634 
01637 
0164ft 



57264 

47219 

Ol61fil| 47174 

01624 47 128 

10.0162710.57589 



10.5521dtl0.^r«44 10.5685^ 



10.5497ri0.Ot«6210.96«38 15 



98317 
43313 
48301^ 

48906 

9.9330^ 
98299 
^8296 
9829^ 
48288 
48284 



46460 



5492^ 
44874 
44826 
44774, 



01646 
Ol66t 
01666 
01651^ 



57038 
56994 
5694^ 
66902 



34 
33 
32 
31 



30 

^9 
28 

tr 

26 



01666 
01669 
01673 
Ol67|S 



9.46371 10.54729 10.0»80)10. 56409} 

45319 54681 01683J 56365 

45367 5463d 0l687 46320 

464141 44686 Ol69!(i 46276 

4463*^ 



<i!7l6'l 4396ii O 

— ■>. ■ ____-n .. .. . 1 ^ • ! ■ — •- * • • J r ' i 

Co-»r»}.l 31rie. I Co-lang. Tangerit.tCo-gcc»ntt Hecgfrt. 



01694 



56812 
5676fr 
46724 
5667^ 



56588 
46543 
4649^ 
46464 



25 

24 
23 

^1 

20" 

19 

18 

17 

16 



4j^ 



14 
13 
i2 
11 



4623!l 



9.45511 10.64489 10.01698fl0.:j6t87 
46654 5444] 01701 46143 
46606 54394 Ol705 46094 
45654^ 54346 0l7O9 46064 
46701^ 54298 0l7l2 460101 
45750l 5426(> 



10 
9 
8 
7 
6 



5 

4 
3 

2 
1 



M 

-4- 



Dt$|[{5. 74. 



16 
M 



l>eg8. 



Logs. Sinet^ T«ngenU and Sec«iiU. 



HonrA.M. Hoarp.H 



Sine. 



Co-«liie. J Taogent4 Co-tang^ Secant 



15^ 



Pegs. IftS. 



secanti 




1 

t 

s 

i 



5 

6 

7 
8 
9 



10 
11 

n 

IS 
14 



9 AS 
51 5S 
51 44 
51 56 

51 S8 



8 
8 
8 
8 
8 



9.44094 
8 44078 



16] 
U 
SS 



9 61 90 
51 IS 
51 4 
50 56 
50 48 



8 
8 
8 
9 
9 



40 
48 
56 

4 
12 



50 40 
50 S2 
50 24 
50 16 
50 8 



9 
9 
9 
9 
9 



20 
28 
36 
44 

52 



44129 
44166 
44210 



9.44253 
44297 
44341 
44385 
44428 



.44472 
44516 
44559 
44602 
44646 



9.9828^ 
98281 
98277 
98273 
98270 



9.45750110. 54250110.01716 10.65966 
45797 54203 017191 5592S 
45845 54155 01723| 55878 
45892 54108 01727 55834 
45940 54060 017301 55790 



9.98266 
98262 
98259 
98255 
98251 



9.45987 
46035 
46082 
46130 
46177 



10 



.5401310 
53965 
53918 
53870 
53823 



9.98248 
98244 
98240 
98237 
98233 



9.46224 
46271 
46319 
46366 
46413 



10 



9 . 98229 ^9 . 464601 10 . 63540 
98226 46607 53493 
98222 46554 53446 
98218 46601 53399 
98215 46648 53352 



53776 
53729 
53681 
53634 
53587 



01738 
01741 

017451 



01749 



10 



01754110.53747 
55703 
55659 
55615 
55572 



0175210. 

01756 

01760 

01763 

01767 



65528 
55484 
55441 
55398 
55354 



60 
39 
58 
57 
5G 



5j 
5i 
53 
5! 

51 



50 
49 
48 
47 
46 



15 
16 
17 
18 
19 



50 
49 52 
49 44 

49 36 
49 28 



2 10 
10 
10 
10 
10 




8 

16' 
24 
32 



.44689 
44733 
44776 
44819 
44862 



20 
21 
22 
23 

24 



49 
49 
49 
48 
48 



20 
12 
4 
56 
48 



2 10 

10 
10 
11 
11 



40 
48 
56 

4 
12 



26 
26 
27 
28 
29 



30 
31 
32 

S3 
34 



35 

36 
37 
38 
39 



40 
41 
42 
43 
44 



45 

46 
47 
48 
49 



50 
51 
52 
53 
54 




9 48 
48 
48 
48 
48 



40 
32 
24 

16 
8 



48 
47 
47 
47 
47 




52 

44 

36 
28 



9 47 20 
47 12 
47 4 
46 56 
46 48 



9 46 40 
46 32 
46 24 
46 16 
46 8 



9 46 
45 52 
45 44 
45 36 

45 28 



9 45 20 
45 12 
45 4 
44 56 
44 48 



9 44 40 
44 32 
44 24 
44 16 
44 8 
44 



Honrp.M . 
106 Degs. 



2 11 
11 
11 
11 
11 



20 
28 
36 
44 

52| 



.44905 
44948 
44992 
46035 
46077 



9.98211 
98207 
98204 
98200 
98196 



9.45120 
45163 
45206 
45249 
45292 



2 12 

12 
12 

12 
12 





8 

16 

24 
32 



2 12 
12 
12 
13 
13 



40 
48 
56 
4| 
12 



13 
13 
13 
13 
13 



20 
28 
36 
44 

52 



14 
14 
14 
14 
14 





8 

16 

24 

32 



14 
14 
14 
15 
15 



40 
48 

66 

4 

12 



15 20 
15 28 
15 36 
15 44 

15 52 

16 



9.45334 
45377 

' 45419 
45462 
45604 



9.45547 
45589 
45632 
45674 
45716 



9.45758 
46801 
45843 
45885 
45927 



9.459691 
46011 
46053 
46095 
46136 



9.46178 
46220 
46262 
46303 
46345 



9.46386 
46428 
46469 
46511 
46552 
46594 



HoarA.M.j Co-sine. 



9.98192 
98189 
98185 
98181 
9817T 



9.98174 
98170 
98166 
98162 
98159 



9.46694110 
46741 
46788 
46835 
46881 



.53306 
53259 
53212 
53165 
53119 



9.46928 
46975 
47021 
47068 
47114 



9.98155 
98151 
98147 
98144 
98140 



9.98136 
98132 
98129 
98125 
98121 



9.98117 
98113 
98110 
98106 
98102 



9.98098 
98094 
98090 
98087 
98083 



9.98079 
98075 
98071 
98067 
98063 
98060 



Sine. 



9.4716010 
47207 
47258 
47S99 
47346 



10. 



10 



01771 
01774 
01778 
01782 
01785 



10. 



55311 
56267 

562241 
55181 
66138 



45 
44 
4) 
42 
41 



10.0178910.56095 40 
01793 55062 39 
01796 56008 38 
01800 54965 31 
01804 54923 3$ 



53072 

53025 

52979 

529321 

52886 



.52840 
52793 
52747 
52701 
52654 



9.47392 
47438 
47484 
47530 
47676 



10. 



9.47622 
47668 
47714 
47760 
47806 



9.47862 
47897 
47943 
47989 
48p35 



9.48307 
48353 
48398 
48443 
48489 



52608 
52562 
52516 
52470 

52424 



10. 



10.01808110 
01811 
01815 
01819 
01823 



10 



01826 
01830 
01834 
01838 
01841 



.548801 
54837 
54794 
54751 
54708 



10.01845 10.64453 



01849 
01853 
01856 
01860 



52378 
52332 
52286 
52240 
52194 



10. 



52148 
52103 
52067 
52011 
51965 



9.4808010.51920 
48126 51874 
48171 51829 
48217 51783 
48262 51738 



48534 51466 



Co-tang. 



10.51693 
51647 
51602 
51657 
51511 



Tangent. 



10.0188310 

01887 

01890 

01894 

01898 



10.64666 
54623 
54581 
64538 

54496 



35 
Si 

33 
32 
31 



3n 

29 
28 
27 
26 



54411 

64368 
54326 
54284 



10.0186411(^.54242 
01868 54199 
01871 54157 
01875 54115 
01879 54073 



25 
24 

23 

22 
21 



20 

18 
17 
16 



10 



.01902 
01906 
01910 
01913 
01917 



10.01921 
01925 
01929 
01935 
01937 
0194« 



Co-aecant 



.54031 
59989 
63947 
63905 
638641 



10.63822 

53780 
63738 
63697 
63655 



15 
14 
13 
12 
11 



10 

9 
8 



10.58614 
53572 

53631 
63489 
53448 
63406 



Secant. 



5 
4 
3 

I 




M 



Pegs. 73. 



« ^ — . 



17 Den. 



Log. Sines, Tangents and Secants. 



M 




1 
S 
3 
4 



HoiirA.if.|HourF.M 



d 
6 
7 
8 
9 



10 
11 
12 
13 
14 



15 
16 
17 
18 
19 



20 
21 

22 
23 
24 



25 

26 
27 
28 
29 



30 
31 
32 
33 
34 



35 
36 
37 

;38 

39 



40 
41 
42 
43 
44 



45 
46 
47 
48 
49 



9 44 

43 52 
43 44 
43 36 
43 28 



o| 2 



43 20 
43 12 
43 4 
42 56 
42 48 



42 40 
42 32 
42 24] 
42 16 
42 8 



42 
41 5i 
41 44 
41 36 
41 281 



41 20 
41 It 
41 4 
40 56 
40 48 



40 40 
40 32 
40 24 
40 16 
40 8 





8 

16 

24 

32 



40 
48 
56 
4 
12 



20 
28 
36 
44 
52 



Sine. 



9.46594 
46635 
46676 
46717 
46758 



9.46800 
46841 
46882 
46929 
46964 



9.47005 
47045 
47086 
47127 
47168 





.1 

24 

32 



40 
48 
66 
4 
12 



9 

9 

19 

9 



9.472091 
47249 
47290 
47330 
47371 



9.47411 
47452 
47492 
47533 
47573 



28 



44 

52 



40 
39 52 
89 441 
39 36 
39 28 



20 
20 8 
20 16 
2p24 
20 32 



39 
39 
39 
38 
38 



201 
12 
4 
56 
48 



9,47613 
47654 
47694 
47734 
47774 



9.47814 
47854 
47894 
47934 
47974 



3 20 401 
20 48 

20 56 
21 

21 12 



38 40 2 21 20 

38 32 21 28 

38 24 21 ,36 

38 16 21 44 

38 8 21 52 



9 38 
37 
37 
37 
37 




52 
44 
36 
28 



2 22 
22 8 
22 16 
22 24 
22 32 



Co-tine. 



9.98060 
98056 
98052 
98048 
98044 



9.98040 
98036 
98032 
98029 
98025 



9.98021 
98017 
98013 
98009 
)80qj 



9.98001 
97997 
97993 
97989 
97986 



9.97982 
97978 
97974 
97970 
97966 



9.9796$ 
97958 
97954 
97950 
97946 



Tangent 



9.4853410.51466 
48579 51421 
48624 51376 
48669 51331 
48714 51286 



9.4B759 
48804 
43849 
48894 
48939 



9.48984 
49029 
49073 
49118 
49163 



9.49207 
49252 
49296 
49341 
49385 



9.4943010, 
49474 
49519 
49563 
49607 



9.4965210.5034810 



9.97942 
97938 
97934 
97930 
97926 



9.48014 
48054 
48094 
48133 
48173 



9.48213 
48252 
48292 
48332 
48371 



9^8411 

^8450 

4<^490 

48529 

48568 



9.97922 
97918 
97914 
97910 
97906 



9.97902 
97898 
97894 
97890 
97886 



9.97882 
97878 
97874 
97870 
97866 



49696 
49740 
49784 

49828 



9.49872 
49916 
49960 
50004 

50048 



9.50092 
50136 
50180 
50223 
50267 



9.50311 
50355 
50398 
50442 

50485 



9.50529 
50572 
50616 
50659 
50703 



Co-tani 



10.51241 
51196 
51151 
51106 
51061 



10.51016 
50971 
50927 
50882 
50837 



10 



50793 
50748 
50704 
60659 
50615 



50570 10 

50526 

50481 

50437 

50393 



50804 
50260 
50216 
50172 



10.50128 



Seeant. 



10.01940 
01944 
01948 
01952 
01956 



10.0196010. 
01964 
01968 
01971 
01975 



10.01979 
91983 
01987 
01991 
019951 



10.0199910 

02003 

02007 

02011 

02014 



.02018 
02022 
02026 
02030 
02034 



.02038 
02042 
02046 
02050 
02054 




M!t 



49996 
49952 



10.4968910 
49645 
49602 
49558 
4851fl 



10.0205810 

02062 

02066 

02070 

02074 



10.4990S 10.02078110. 51986 
49864 02082 .^1946 
49820 02086 51906 
49777 02090 51867 
497331 02094 51827 



10.49471 
49428 
49384 
49341 
492971 



.02098 
02102 
02106 
02110 
02114 



10 



.02118 
02122 
02126 
02130 
02134 



Degfc 162. 



10. 



53406 
58365 
53324 
53283 
53242 



53200 
53159 
53118 
53077 
53036 



10.52995 
52955 
52914 
52873 
52832 



.52791 
52751 
52710 
62670 
52629 



10. 



62589 
52548 
52508 
52467 
52427 



10, 



52387 
52346 
52^96 
52266 
52226 



.52186 
52146 
52106 
52066 
52026 



10 



.51787 
51748 
51708 
51668 
51629 



10.51589] 
51550 
51510 
51471 
51432 



60 
59 
58 
57 
56 



55 
54 

53 
52 
51 



50 
49 
48 
47 
46 



45 
44 

43 
42 
41 



40 
39 
38 
37 

35 
34 
33 
32 
31 



30 
29 
28 
27 
26 



25 
24 

23 
22 
21 



20 
19 
18 
17 
16 



15 
14 
13 
12 
11 



1i 



50 
51 
52 
53 
54 



37 
37 
37 
36 
36 



20 
12 
4 
56 
48 



22 401 
22 48 

22 56 

23 4 
23 12 



9.48607 
48647 
48686 
48725 
48764 



9.97861 
97857 
97853 
97849 

97845 



9.50746 
50789 
50833 
50876 
50919 



10.49254 10.02139 
49211 02143 
49167 02147 
49124 02151 
49081 02155 



10.51393 

.51353 

51314 

51275 

51236 



10 
9 
8 
7 
6 



65 
56 
67 
58 
59 
I 60 



M 



36 
36 
36 
S6 
36 
36 



40 
32 
24 
16 
8 




23 20 
23 28 
23 36 
23 44 

23 52 

24 



9.48803 
48842 
48881 
48920 
48959 
48998 



9.97841 
97837 
97833 
97829 
97825 
97821 



9.50962 
51005 
51048 
51092 
51135 
61178 



10.49038 
48995 
48952 
48908 
48865 



10.0215910 
02163 
02167 
02171 
02176 
02179 



.51197 

mm 

51119 
51080 
51041 
51002 



5 

4 
3 
2 
1 




Bourp.M. 



HottTAJI. 



Co-sine. 



Sine. 



107 



^pi«*. 



Cotang. 



1?angeiit»ljpo-8ecairt* Secant. 



M 



pegs. 72. 



I 



ltPeg» 



H 





1 

8 

4 



6 

• 

8 



10 

u 

It 

IS 

14 



hSwaj!!!!! 



<NBrv.M. 



Ldf. 



^ *!hu[igenls aod Secants. 



9 36 0.2 S4 



S& 52 
36 44 
35 36 

35 28 



f4 

U 16 
24 24 
24 32 



35 SO 2 24 40 
35 12 24 4d 
35 4 24 56 
34 56! 25 4 
34 48 25 12 



15 
14 
IT 
18 
19 



20 
21 

22 
23 
24 



25 
24 
2T 
28 
29 



9 34 40 
34 32 
34 24 
34 16 
34 8 



9 34 
33 52 
33 44 

3^36 
33 28 



2 25 20 
25 28 
25 36 
25 44 
25 52 



2 26 U 
S6 8 
26 16 

96 24 
32 



9.48998 
49037 
4^076 
49115 
4^153 



9.40192 
40231 
40269 
40308 
40347 



9.40386 
40424 
40462 
40500 
49539 



9 33 30 
33 12 
33 4 
32 56 
32 4S 



30 
31 
32 
33 
34 



35 
36 
3T 
38 
39 



40 
41 
42 
43 
44 



45 
46 I 
47 
48 
49 



50 
5t 
52 
53 
54 



55 
56 
57 
58 
59 
60 



9 32 401 
32 32 
32 S4 
d2 16 
32 8 



32 01 
31 52 
31 44 
31 36 
31 28 



31 gOj 
31 12 
51 4 
30 56 

30 48 



9 30 40 
'30 32 
30 24 
SO 16 
30 8 



9 30 01 

29 52 
29 44 
29 36 
29 28 



9 29 £0 
29 IS 

29 4 
28 56 
28 48 



^ 



28 40 
28 32 
23 24 
28 16 
28 8 
28 



2 26 40 
26 48 

26 56 

27 4 
27 12 



2 27 20 
27 28 
27 36 
2? 44 
27*62 



9.49577 
49615 
49654 
49692 
49730 



iCo-siiie. 



9.90^821 
91B17 
97612 
97B08 

07804 

9.078OO 

97796 
97792i 
97788 
97784 



Tangent .]Co*Umg. j ^eoaht 



9.51176i|0.48822|io.02l70 
48^791 02 



61221 
51264 
51306 
51349 



9.97770 
97775 
97771 
97767 
97763 



0.97759 
97754 
07750 
07746 
07742 



9.49V68 
49806 
49844 
40882 
40920 



0.97738 
97734 
07T2S 
97725 
97721 



9.51392 
51435 
51478 
51620 
51663 



48736 
48694 
48651 

ioT48605 
48565 
46522 
48480 
48437 



9.51606 
51648 
51691 
517341 
51776 

9^51810 

" 6U61 
51003 
61046 
51988 



Oi 
8 



2 28 
28 
28 16 
28 24 
28 32 



2 28 401 
28 48 

28 66 

29 4 
29 12 



2 30 
30 
80 
90 
30 





H 

16 

24 

32 



SO 
30 
30 
31 
31 



40 

48 

66 

4 

12 



I I M iHocrp.H. 



31 SO 
31 28 
31 36 
31 44 
SI 52 
32 



9.49*^58 
49996 
50034 
50072 
50110 



9.50148 

5ra23 
50261 
50298 



9.50336 
50374 
50411 
50449 
50486 



2 29 20 9.50523 

29 28 50561 

29 S6 50598 

29 44 50635 

39 62 50673 



.97717 

*97fl3 

97708 

9t704 

97700 



9.97496 
97091 
97887 
97^3 
97«79 



9.97674 
97670 
97666 
97662 
97657 



V.507]0f 
50747 
50784 
50821 
60858 



9.50896 
6093S 
50970 
61007 
61043 



.M.I 



9.510801 
61117 
61154 
61191 
61227 
61^64 



HourA.M.i Co««ine. 



9.97668 
97649 
97845 
9t640 
97636 



9.62031 
52072 
52115 
52157 
52200 



0.52242 
52284 
52326 
52368 
52410 



9.52452 
52494 
52536 
52578 
626201 



9.52661 
52703 
62745 
62787 
52829 



10.48394 
48352 
48309 
48266 
48224 



10.48181 

48139 
48097 
48054 
4801 2 

10.4'7y69 
4^927 
47685 
47843 
47800 



02183 
02188 
02192 
02196 

(0.02260 
02204 
02208 
02!212 
02216 

J0.0222i 
02225 
02229 
02233 
02^37 

to. 02241 
02246 
02250 
02264 
02258 



10.47756 

47716 

47674 

-47to2 

47690 



10.47548 
47606 
47464 
47422 
47880 



9.52870 
62912 
62953 
62995 
53037 



.97632 
97628 
97623 
97619 
97615 



.976101 
97406 
97602 
97597 
97593 



9.97589 
97584 
97580 
97576 
97671 
97367 



Sin«. 



9.53078 
53120 
5S1G1 
53202 
63244 



9.53286 
63327 
63368 
63409 
53450 



108 Dog9. 



»»3m 



10.47839 
47297 
47255 
47213 
47171 



10.47130 
47088 
47047 
47005 
46063 



10.02262 
02266 
02271 
02275 
02279 



10.02283 
02287 
02292 
02296 
02300 



10.02304 
02309 
02313 
02317 
02321 



Dt&. 161 



10.51002 60 

500631 59 
60924! 58 
6IP085 57 

60^71 56 



l.6.d06<)6| 5i 
5|p769| 54 
^31 53 
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9.57044 
67076 
57107 
67138 
67169 



9.96793 
96788 
96783 
96773 
96772 



9.96767 
96762 
96757 
96752 
96747 



9.59725 
69762 
69799 
69835 
59872 



40832 
40795 
40757 
40720 
40683 



10 



40646 
40609 
40671 
40534 
40497 



Secant. 



10.02985 
02990 
02995 
02999 
03004 



10.03009 
03014 
03019 
03024 
03029 



10.030.34 
03038 
03043 
03048 
03053 



10.03058 
03063 
03068 
03073 
03078 



10.03083 
03088 
03093 
03097 
03102 



10.03107 
03112 
03117 
03122 
03127 



,4046010.03132 
40423 03137 
40386 03142 
40549 03147 
40312 03152 



10. 



9.69909 
69946 
69983 
60019 
60056 



9.60093 
60130 
60166 
60203 
60240 



9.57201 
67332 
67264 
67296 
67326 
67368 



[ iHourp.M.|HonrA.ii.f Co-sine. 



11 Jh^, 



I I * ■ <«' ! > 



9.96742 
9673t 
96732 
96727 
96722 
96717 



M^ 



Sine. 

Ill I > "twm 



9.60276 
60313 
60349 
60386 
60422 



40275 
40238 
40201 
40165 
40128 



10 



40091 
40064 
40017 
39981 
39944 



10 



39907 
39870 
39834 
39797 
39760 



secant 



10.44567 
44534 
44501 
44468 
44436 



10.44403 
44370 
44337 
44305 

44272 



10.44239 
44207 
44174 
44142 
44109 



10.44077 
44044 
44012 
43979 
43947 



10.43915 
43882 
43860 
43818 
43785 



10.43753 
43721 
43689 
43657 
43625 



10.43592 
43560 
43528 
43496 
43464 



10 



03157 
03162 
03167 
03172 
03177 



10. 



03 J 82 
03187 
03192 
03197 
03202 



10.03207 
03212 
03217 
03222 
03228 



10.3972410.03233 



9.60469 
60496 
60532 
60668 
60605 
60641 



396871 
39651 
396141 
39578 



10.39541 
39605 
39468 
39432 
39896 
39359 



03238 
03243 
03248 
03253 



10.43432 
43401 
43369 
433371 
43305 



M 



60 
59 
68 
67 
56 



55 
54 
53 
52 
51 



50 
49 
48 
47 
46 



45 
44 

43 

42 
41 



40 
39 
38 
37 
36 



35 
34 
33 
32 
31 



30 
29 
28 
27 
26 



25 

24 
23 
22 
21 



10.43273 
43241 
43210 
43178 
43146 

10.43114 
43083 
4»)51 
48b20 
49988 



10.03258 
03263 
03268 
03273 
05278 
03283 



Co-t ang.Tangent.!Co-iccant 



10.42956 
42925 
42893 
42862 
42831 



20 
19 
18 
17 
16 



16 
14 
13 
12 
11 



10 

9 
8 
7 
6 



10.42799 5 

42768 4 

42736 3 

427051 2 
42674 
426421 



Secant 



2 



» 

k r 
» < 
t 
t 

I 



Pe|s.«8. 



22 Degs. 



Log. SineSy Tangents and Secants. 



M 



Hour A. M 




1 

2 
3 

JL 

5 
6 
7 
8 
9 



10 
11 
12 
13 
14 



16 

16 
17 

18 
19 



20 
21 

n 

23 
24 



25. 

26 

27 

28 

29 

30 
31 
32 
33 

34 

3d 
36 
37 
38 

iL 

40 
41 

42 
43 
44 



45 

46 

47 
48 
49 



4 
3 
3 
3 
3 




62 

441 
36 
28 



3 20 
3 12 
3 4 

2 66 
2 48 



2 40 
2 32 
2 24 
2 16| 
2 8 



Hourr.M. 



2 66 
66 8 
56 16 

66 24 
66 32 



Sine. 



9.67368 
67389 
67420 
67461 
67482 



2 66 40 
66 48 

66 66 

67 4 
67 12 






2 67 20 
67 28 
67 36 
67 44 

67 62 



9.67514 
67645 
67676 
67507 
67638 



9.67669 
67700 
67731 
67762 
67793 



3 

1 62 
1 44( 
1 36| 
1 28 




8 



2 68 
68 
68 16 
68 24 
58 32 



9 



1 20 
1 12 

1 4 
56 
48 



2 68 40 
68 48 

68 56 

69 4 
69 12 



401 
32 
24< 
16) 
8 



9.67824 
67855 
67885 
67916 

57947 

9.67978 
68003 
68039 
68070 
68101 



Co-sine, i Tangeiit. 



9.96717 
96711 
96706 
96701 
96696 



9.96691 
96636 
96681 
9667G 
96G70 



9.9666b 
96660 
96656 
96650 
9664d 



9.96640 
96G34 
96629 

9662 
966 



9.60641 
60677 
60714 
60750 
60786 



Co-tang. 



9.60823 
60859 
60895 
60931 
60967 



9.61004 
61040 
61076 
61112 
61148 



624. 
619| 



10.39369 
39323 
39286 
39250 
3D214 



SecROt 



Pep. 



157. 



iki-secantl M 



10. 



10.39177 
39141 
39105 
39069 
39033 



10.38996 
58960 
38924 
38888 
38862 



9.6118410.38816 



9.96614 
96G03 

' 96603 
96598 
9G593 



9 
8 



Oi 
69 62 
69 44 
69 36 
69 28 



8 



59 20 
69 12 
69 4 
§8 66 
68 48 



68 40 
68 32 
68 24 
68 16 
58 8 



8 58 
67 52 
67 44 
57 36 
67 28 



2 69 20 
69 28 
60 56 
69 44 
69 62 













8 
16 

24 
32 



40 
48 

56 

1 4 
1 12 



3 1 m 

1 28 
1 36 
I 44 
1 62 



3 



2 
2 
2 16 
2 24 
2 32 



9.68131 
68162 
58192 
68223 
68263 



9.68284 
58314 
68346 
68376 
68406 



9.68436 
68467 
68497 
68527 
68557 



9.58688 
68618 
68648 
68678 
68709 



9.68739 
68769 
68799 
68829 
68859 



9.96588 
966821 
96577 
96672 
96567 



9.96562) 
96556 
96651 
96546 
96641 



9.96636 
96630 
96526 
96620 
96514 



9.96509 
96504 
96498 
96493 
96488 



9.96483 
96477 
96472 
96467 
96461 



61220 
61256 
61292 
61328 

976T864 
61400 
61436 
61472 
61608 

9.61544 
61579 
61615 
61661 
61687 



03283 
03289 
03294 
03299 
03304 



10 



03309 
03314 
03319 
03324 
03330 



10 



42642! 

42611 

i4^80 

4^2549 

4^18 



10 



03336 
03340 
03345 
03350 
03366 



10 



38730 
38744 
38708J 
38672 



10 



42486 
42450 
42424 
42393 
42362 



60 
b9 
56 
57 
56 



10 



55 
54 
63 
52 
51 



42331 
42300 
42269 
42238 
42207 



10.38636 
38600 
38564 
S8528 
38492 



9.61722 
61758 
61794 
61830 
61866 



9.61901 
619^ 
61972 
62008 
62043 



9.62079 
62114 
62160 
62186 
62221 



9.62266 
62292 
62327 
62362 
6£398 



10 



38456 
38421 
38385 
38349 
38313 



.0336010 
03366 
03371 
03376 
03381 



10.03386 
03392 
03397 
03402 
03407 



10 



10. 



33278 
38242 
38206 
38170 
38136 



10 



,38099 
38064 
38028 
37992 
37957 



10 



.37921 
37886 
87850 
37816 
37779 



10 



.37744 
37708 
37673* 
37638 
37602 



03412 
03418 
03423 
03428 
03433 



10 



03438 
03444 
03449 
03464 
03459 



10.03466 
03470 
03476 
03480 
03486 



10, 



03491 
03496 
0(3602 
03507 
03512 



10. 



03517 
03623 
03528 
03633 
03639 



42176 
42145 
42115 
42064 
42053 



10.42022 
41992 
41961 
41930 
41899 



SO ; 

49 ! 
47 I 

IT' 

44 ! 

43 ; 

42 1 
41 ' 



41) 
39 
38 



"i 



10.41869 35 



41838 
41808 
41777 
41747 



10 



.41716 
41686 
41655 
41625 
41694 



10. 



41664 
41533 
41603 
41473 
41443 



10 



41412 
41382 
41362 
41323 
41291 



to 



41261 
41231 
41201 
41171 
41141 



34 
33 
34 
31 



29 
28 



25 ; 

54 ' 
33 1 
21 ( 

41 • 



50 
19 
18 

n 

16 



15 I 

U 

13 

12 

11 

10 ' 

9 
8 

7 ' 

5 i 



60 
61 

62 
63 
64 



8 67 20 
67 12 
67 4 

66 66 
66 48 



2 
2 



40 
48 

2 66 

3 4 
3 12 



9.68889 
68919 
68949 
68979 
69009 



9.96466 
96461 
96446 
96440 
96436 



9.62433ri0 
62468 
62604 
62539 
62674 



.37667 
37632 
37496 
37461 
37426 



10.03544 10.41111 
03649 41081 
0$666 41051 
03660 41021 
03666 40991 



66 
66 
57 
58 
69 
60 



8 66 40 
66 32 
'66 24 
56 16 
66 8 
66 01 



3 



3 
3 
3 
3 



20 
28 
36 
44 
62 




9.690391 
69069 
69098 
69128 
69168 
69188 



9.96429 
96424 
96419 
96413 
96408 
96403 



9.62609 
62646 
62680 
62716 
62760 
62786 



10. 



37391 
37366 
37320 
37286 
37260 
37216 



10.08671 
03676 
03681 
03687 
03692 
0^697 



to 



wset 

40931 
40902 

4^842 
40812 



M IjHpinrF.g. 



n%x>tp 



Hoiirii.ir. 



Co-slne.ir 



;Siae. - 



W l iiMii H I n il* 



<^w- 






'■^S:J^: 



» tti f 



5 
4 
% 
t 

1 




l>««i.«* • tfW M» 



Dep^ii 



i 



Log. Sines, Tangents and Secants. 



Degs. 














Degs 


. 156. 




i 


HourA.M. 


Hourp.M. 


Sine. 


Co-sine. 


Tangent. 1 Co-tang. 


Secant. 


Co-secant M | 







8 56 


3 4 


9.69188 


9.96403 


9.62786 


10.37216 


10.03697 


10.40812 


60 




1 


65 62 


4 8 


69218 


96397 


62820 


37180 


03603 


40782 


69 




2 


55 44 


4 16 


69247 


96392 


62855 


37146 


03608 


40753 


58 




3 


55 36 


4 24 


69277 


96387 


62890 


37110 


03613 


40723 


57 




4 


55 28 


4 32 


69307 


96381 


62926 


37074 


03619 


40693 


56 




5 


8 65 20 


3 4 40 


9.69336 


9.96376 


*9. 62961 


10.37039 


10.03624 


10.40664 56 1 




6 


65 12 


4 48 


69366 


96370 


62996 


37004 


03630 


40634 


64 




7 


55 4 


4 56 


69396 


96365 


63031 


36969 


03635 


40604 


63 




8 


64 56 


6 4 


69425 


96360 


63066 


36934 


03640 


40575 


62 




9 


54 48 


5 12 


69465 


96354 


63101 


36899 


03646 


40545 51 







8 54 40 


3 6 20 


9.69484 


9.96349 


9.63136 


10.36865 


10.03651 


10.40616, 60 




1 


54 32 


6 28 


59514 


96343 


63170 


36830 


03657 


40486 49 




2 


54 24 


6 36 


59543 


96338 


63206 


36796 


03662 


40457 


48 




3 


64 16 


5 44 


59573 


96333 


63240 


36760 


03667 


40427 


47 




4 


54 8 


5 62 


59602 


96327 


63275 


36725 


03673 


40398 


46 




5 


8 54 


3 6 


9.69632 


9.96322 


9.63310 


10.36690 


10.03678 


10.40368 


46 




6 


53 52 


6 8 


69661 


96316 


63345 


36666 


03684 


40339 


44 




7 


53 44 


6 16 


59690 


96311 


63379 


36621 


03689 


40310 


43 




8 


53 36 


6 24 


69720 


96306 


63414 


36586 


03695 


40280 


42 




9 


53 28 


6 32 


59749 


96300 


63449 


36561 


03700 


40261 


41 







8 53 20 


3 6 40 


9.69778 


9.96294 


9.63484 


10.36516 


10.03706 


10.4022? 


40 




:i 


53 12 


6 48 


59808 


96289 


63519 


36481 


03711 


40192 


39 




.2 


63 4 


6 66 


69837 


96284 


63663 


36447 


03716 


40163 


38 




3 


62 56 


7 4 


69866 


96278 


63688 


36412 


03722 


40134 


37 




4 


52 48 


7 12 


69895 


96273 


63623 


36377 


03727 


40105 


36 




5 


8 52 40 


3 7 20 


9.69924 


9.96267 


9.63667 


10.36343 


10.03733 


10.40076 


35 




6 


52 32 


7 28 


59954 


96262 


63692 


36308 


03738 


40046 


34 




7 


62 24 


7 36 


69983 


96266 


63726 


36274 


03744 


40017 


33 




8 


62 16 


7 44 


60012 


96251 


63761 


36239 


03749 


39988 


32 




9 


52 8 


7 52 


60041 


96246 


63796 


36204 


03765 


39969 


31 







8 62 


3 8 


9.60070 


9.96240 


9.63830 


10.36170 


10.03760 


10.39930 


30 




1 


51 52 


8 8 


60099 


96234 


63865 


36136 


03766 


39901 


29 




2 


51 44 


8 16 


60128 


96229 


63899 


36101 


03771 


39872 


28 




3 


51 36 


8 24 


60157 


96223 


63934 


36066 


03777 


39843 


27 




4 


51 28 


8 32 


60186 


96218 


63968 

1 ■" 


36032 


03782 


39814 


26 




5 


8 61 20 


3 8 40 


9.60216 


9.96212 


9.64003 


10.36997 


10.03788 


10.39735 


26 




6 


51 12 


8 48 


60244 


96207 


64037 


. 36963 


03793 


39756 


24 




;7 


51 4 


8 56 


60273 


96201 


64072 


36928 


03799 


39727 


23 




8 


50 56 


9 4 


60302 


96196 


64106 


35894 


03804 


39698 


22 




9 


60 48 


9 12 


60331 


96190 


64140 


36860 


03810 


39669 


21 







8 60 40 


3 9 20 


9.60369 


9.96185 


9.64176 


10.35826 


10.03815 


10.39641 


20 


• 


.1 


60 32 


9 28 


60388 


96179 


64209 


36791 


03821 


39612 


19 




,2 


50 24 


9 36 


60417 


96174 


64243 


35757 


03826 


39683 


18 




3 


60 16 


9 44 


60446 


96168 


64278 


35722 


03832 


39554 


17 




4 


50 8 


9 62 


60474 


96162 


64312 


36688 


03838 


39626 


16 




5 


8 60 


3 10 


9.60503 


9.96167 


9.64346 


10.^6654 


10.03843 


10.39497 


15 




6 


49 62 


10 8 


60532 


96161 


64381 


35619 


03849 


39468 


14 




7 


49 44 


10 16 


60661 


96146 


64415 


35585 


03864 


39439 


13 




S 


49 36 


10 24 


60689 


96140 


64449 


35551 


03860 


39411 


12 




9 


49 28 


10 32 


60618 


96136 


64483 


36517 


03865 


39382 


11 







8 49 20 


3 10 40 


9.60646 


9.96129 


9.64617 


10.36483 


10.03871 


10.39354 


10 




1 


49 12 


10 48 


60676 


96123 


64552 


35448 


03877 


39326 


9 




2 


49 4 


10 56 


60704 


96118 


64586 


35414 


03882 


39296 


8 




3 


48 56 


n 4 


60732 


96112 


64620 


35380 


03888 


39268 


7 




4 


48 48 


11 12 


60761 


96107 


64664 


36346 


03893 


39239 


6 




5 


8 48 40 


3 11 20 


9.60789 


9.96101 


9.64688 


10.35312 


10.03399 


10.39211 


6 




6 


48 32 


11 28 


60818 


96095 


64722 


36278 


03905 


39182 


4 




7 


48 24 


11 36 


60846 


96090 


64756 


35244 


03910 


39154 


3 




8 


48 16 


11 44 


60876 


96084 


64790 


36210 


03916 


39126 


2 




9 


48 8 


11 62 


60903 


96079 


64824 


36176 


03921 


39097 


1 







48 


12 


60931 


96073 


64858 35142 


03927 


39069 





t 


r 


HOUTP.M. 


HourA.M. 


Co-sine. 


Sine. 


Co-tang. Tangent. 


Co-secant Secant. ^ M I 



Degs. 



Dezt. 66. 









Log. Sines, Tangents and Secants 


• 








S4] 


Degs. 




Degs. 155. 




M 


HourA.sf. 


Hourp.M. 


Sine. 


Co-sine. 


Tangent. | Co-tang.} Secant. 


Co-secani 


M, 







8 48 


3 12 


9.60931 


1 9.96073 


9.64868 


10. 33l42il0. 03927 


10.39069 


60 




1 


47 62 


12 8 


60960 


\ 960671 64892 


35108 


03933 


39040 


59 




2 


- 47 44 


12 16 


60988 


960n2 


64926 


36074 


03938 


39012 


58 




3 


47 36 


12 24 


61016 


9G006 


64960 


35040 


03944 


38984 


57 




4 

5 


47 28 


12 32 


61045 


960->t| 64994 


33006 


03950 


38955 


56 




8 47 20 


3 12 40 


9.61073 


9.96045 


9.6c>028 


10.34972 


10.03955 


10.38927 


55 




6 


47 12 


12 48 


61101 


96039 


66062 


34938 


03961 


38899 


54 




7 


47 4 


12 56 


61129 


96034 


65096 


34904 


03966 


38871 


53 




8 


46 56 


13 4 


61158 


96028 


65130 


34870 


03972 


38842 


52 




9 


46 48 


13 12 


61186 


96022 


65164 


34836 


03978 


38814 


51 
50 




10 


8 46 40 


3 13 20 


9.61214 


9.96017 


9.66197 


10.34'J03 


10.03983 


10.38786 




11 


46 32 


13 28 


61242 


96011 


65231 


34769 


03989 


38758 49 | 




n 


46 24 


13 36 


61270 


96005 


66263 


34736 


03993 


38730 


48 




13 


46 16 


13 44 


61298 


96000 


66299 


34701 


040001 387021 


47 




14 


46 8 


13 52 


61326 


95994 


66333 


34667 


04006 


38674 


46 




15 


8 46 


3 14 


9.61354 


9.93988 


9.66366 


10.34634 


10.040J2 


10.38646 


45 




16 


45 52 


14 8 


61382 


96982 


65400 


34600 


04018 


38618 


44 




17 


45 44 


14 16 


^1411 


96977 


65434 


34666 


04023 


38589 


43 




18 


45 36 


14 24 


61438 


95971 


65467 


34633 


04029 


38562 


43 




19 


45 28 


14 32 


61466 


96963 


66301 


34499 


04035 


38534 


41 




20 


' S 45 20 


3 14 40 


9.6H94 


9.96960 


9.66333 


10.34466 


10.04040 


10.38306 


40 




21 


45 12 


14 48 


61322 
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17 


21 44 


33 16 


66124 


94878 


71246 


28764 


05122 


33876 


43 


18 


21 36 


38 24 


66148 


94871 


71277 


28723 


06129 


33852 


42 


19 


21 28 


38 32 


66173 


94865 


71308 
9,71339 


28692 


06135 


33827 


41 


JO 


8 21 20 


3 38 40 


9.66197 


9.94858 


10.28661 


10.03142 


10.33803 


40 


21 


21 I'' 


38 48 


66221 


94852 


71370 


28630 


06148 


33779 


39 


12 


21 4 


38 56 


66246 


94845 


71401 


28599 


06155 


33754 


38 


13 


20 56 


39 4 


66270 


94839 


71431 


28669 


06161 


33730 


37 


J4 


20 48 


39 12 


66295 


94832 


71462 


28538 


06168 


33706 


36 


J5 


8 20 40 


3 39 20 


9.66319 


9.94826 


9.71493 


10.28607 


10.05174 


10.33681 


36 


iG 


20 32 


39 28 


66343 


94819 


71524 


23476 


05181 


33667 


34 


J7 


20 24 


39 36 


66368 


94813 


71556 


28445 


05187 


33632 


33 


>8 


20 16 


39 44 


66392 


94806 


71586 


28414 


06194 


33608 


32 


J9 


20 8 


39 62 


66416 


94799 


71617 


28383 


05201 


33684 


31 


JO 


8 20 


3 40 


9.66441 


9.94793 


9.71648 


10.28332 


10.05207 


10.33659 


30 


51 


19 52 


40 8 


66465 


94786 


71679 


28321 


05214 


33536 


29 


J2 


19 44 


40 16 


66489 


94780 


71709 


28291 


06220 


33511 


28 


$3 


19 36 


40 24 


66513 


94773 


71740 


28260 


06227 


33487 


27 


$4 


19 28 


40 32 


66537 


94767 


71771 


28229 


05233 


33463 


26 


J5 


8 19 20 


3 40 40 


9.66562 


9.94760 


9.71802 


10.28198 


10.05240 


10.33438 


25 


$6 


19 12 


40 48 


66586 


94753 


71833 


28167 


06247 


33414 


24 


$7 


19 4 


40 66 


66610 


94747 


71863 


28137 


06253 


33390 


23 


)8 


18 56 


41 4 


66634 


94740 


71894 


28106 


06260 


33366 


22 


J9 


18 48 


41 12 


66658 


94734 


71923 


28075 


06266 


33342 


21 


M) 


8 18 40 


3 41 20 


9.66682 


9.94727 


9.71955 


10.28043 


10.06273 


10.33318 


20 


1.1 


18 32 


41 28 


66706 


94720 


71986 


28014 


05280 


33294 


19 


12 


18 24 


41 36 


66731 


94714 


72017 


27983 


05286 


33269 


18 


k3 


18 16 


41 44 


66766 


94707 


72048 


27952 


05293 


33246 


17 


t4 


18 8 


41 62 


66779 


94700 


72078 


27922 


05300 33221 


16 


1.3 


8 18 


3 42 


9.66803 


9.94694 


9.72109 


10.27891 


10.05306 10.33197 


15 


1.6 


17 62 


42 8 


66827 


94687 


72140 


27860 


05313 


33173 


14 


\n 


17 44 


42 16 


66851 


94680 


72170 


27830 


05320 


33149 


13 


t8 


17 36 


42 24 


66876 


94674 


72201 


27799 


06326 


33125 


12 


1.9 


17 28 


42 32 


66899 


94667 


72231 


27769 


05333 


33101 


11 


»0 


8 17 20 


3 42 40 


9.66922 


9.94660 


9.72262 


10.27738 


10.05340 


10.33078 


10 


>1 


17 12 


42 48 


66946 


94664 


72293 


27707 


06346 


33064 


9 


»3 


17 4 


42 66 


66970 


94647 


72323 


27677 


05353 


33030 


8 


»3 


16 66 


43 4 


66994 


94640 


72354 


27646 


06360 


33006 


7 


»4 


16 48 


43 12 


67018 


94634 


72'*a4 


27616 


05366 


32982 


6 


r5 


g 16 40 


3 43 20 


9.67042 


9.94627 


9.72416 


10.27686 


10.05373 


10 32958 


5 


16 


16 32 


43 28 


67066 


94620 


72445 


27666 


03380 


32934 


4 


►7 


16 24 


43 36 


67090 


94614 


' 72476 


27624 


06386 


32910 


3 


»8 


16 16 


43 44 


67113 


94607 


72606 


27494 


06393 


32887 


2 


^9 


16 8 


43 52 


67137 


94600 


72537 


27463 


05400 


32863 


1 


;o 


16 


44 


67161 


94593 


72567 


27433 


05407 


3283S 





I 


Hourp.M. 


HourA.M. 


Co-sine. 


Sine. ' Co-tang. ' Tangent. 


Co-secant' Secant. 


M 



117 Degs. 



Degs. 62. 



Log. Sines, Tangents and Secants. 





28 


Degs. 














Degs.] 


151. 


M 



jHoiirA.M. 


Hourp.M. 


Sine. 


Co-sine. 


Tangent. 


Co-tang. Secant. 


Co-secant M ] 


1 8 16 


3 44 


9.67161 


9.94593 


9.72567 


10.27433 


10.03407(10.328391 60 




1 


15 52 


44 8 


67185 


94587 


72598 


27402 


06413 


32815 


59 i 




t 


15 44 


44 16 


67208 


94580 


72628 


27372 


05420 


32792 


58 




3 


15 3G 


44 24 


67232 


94573 


72659 


27341 


05427 


32768 


57 , 




4 


15 28 


44 32 


67266 


94567 


72689 


27311 


05433 


32744 


56 


5 


8 15 20 


3 44 40 


9.67280 


9.94560 


9.72720 


10.27280 


10.05440 


10.32720 


55 ; 




6 


15 12 


44 48 


67303 


94553 


72750 


27250 


06447 


32697 


54 , 




7 


15 4 


44 56 


67327 


94546 


72780 


27220 


05454 


32673 


53 , 




8 


14 56 


45 4 


67350 


94540 


72811 


27189 


06460 


32650 


52 , 




9 


14 48 


45 12 


67374 


94533 


72841 


27159 


05467 


32626 


51 

50 


10 


8 14 40 


3 45 20 


9.67398 


9.94626 


9.72872 


10.27128 


10.06474 


10.32602 




U 


14 32 


45 28 


67421 


94519 


72902 


27098 


06481 


32679 


49 




12 


14 24 


45 36 


67443 


94513 


• 72932 


27068 


05487 


32555 


48 




13 


14 16 


45 44 


67468 


94506 


72963 


27037 


05494 


32532 


47 




14 


14 8 


45 52 


67492 


9Ui)9 


72993 


27007 


05501 


32508 


45 


15 


8 14 


3 46 


9.67515 


9.9-1492 


9.73023 


10.26977 


10.05508 


10.32485 




16 


13 52 


46 8 


67539 


94485 


73054 


26946 


06615 


32461 


44 




17 


13 44 


46 16 


67562 


94479 


73084 


26916 


06621 


32438 


43 




18 


13 36 


46 24 


67586 


94472 


73114 


26886 


06628 


32414 


42 




19 


13 28 


46 32 


67609 


94465 


73144 


26856 


05535 


32391 


41 


20 


8 13 20 


3 46 40 


9". 67633 


9.94458 


9.73175 


10.26825 


10.06542 


10.32367 


40 




21 


13 12 


46 48 


67656 


94451 


73205 


26795 


06549 


32344 


39 . 




22 


13 4 


46 56 


67(580 


94445 


73235 


26765 


06656 


32320 


38 : 




23 


12 56 


47 4 


67703 


94438 


73265 


26735 


06662 


32297 


37 1 


, 


24 


12 48 


47 12 


67726 


94431 


73295 


26705 


05669 


32274 


36 i 


25 


8 12 40 


3 47 20 


9.67750 


9.94424 


9.73326 


10.26674 


10.05676 


10.32250 


35 , 




26 


12 32 


47 28 


67773 


94417 


73356 


26644 


05583 


32227 


34 ' 




27 


12 24 


47 36 


67796 


94410 


73386 


26614 


05690 


32204 


33 




28 


12 16 


47 44 


67820 


94404 


73416 


26684 


05696 


32180 


32 ' 




29 


12 8 


47 52 


67843 


94397 


73446 


26654 


05603 


32157 


31 


30 


8 12 


3 48 


9.67o66 


9.94390 


9.73476 


10.26524 


10.05610 


10.32134 


30 , 




31 


11 52 


48 8 


67890 


94333 


73507 


26493 


05617 


32110 


29 




32 


11 44 


48 16 


67913 


94376 


73537 


26463 


05624 


32087 


28 




33 


11 36 


48 24 


67936 


94369 


73567 


26433 


05631 


32064 


27 ; 




34 


11 28 


48 32 


67959 


94362 


73597 


26403 


06638 


32041 


26 1 


35 


8 11 20 


3, 43 40 


9. 679^2 


9.94355 


9.73627 


10.26373 


10.05646 


10.32018 


25 j 




36 


U 12 


48 48 


68006 


94349 


73657 


26343 


05651 


31994 


2* 




37 


11 4 


48 56 


68029 


94342 


73687 


26313 


06658 


31971 


23 ' 




38 


10 56 


49 4 


68052 


94335 


73717 


26283 


06665 


31948 


"• 1 




39 


10 48 


49 12 


68075 


94328 


73747 


26253 


05672 


31925 


21 


40 


8 10 40 


3 49 20 


9.68098 


9.94321 


9.73777 


10.26223 


10.06679 


10.31902 


20 




41 


10-32 


49 28 


68121 


94314 


73807 


26193 


06686 


31879 


19 




42 


10 24 


49 36 


68144 


94307 


73837 


26163 


05693 


31856 


18 




43 


10 16 


49 44 


68167 


94300 


73867 


26133 


06700 


31833 


17 




44 


10 .8 


49 52 


68190 


94293 


73897 


26103 


06707 


31810 


16 ; 


43 


8 10 


3 50 


9.68213 


9.94286 


9.73927 


10.26073 


10.06714 


10.31787 


15 . 




46 


9 52 


50 8 


68237 


94279 


73957 


26043 


06721 


31763 


14 ' 




47 


9 44 


50 16 


682G0 


94273 


73987 


26013 


06727 


3174« 


15 




48 


9 36 


50 24 


68283 


94266 


74017 


26983 


06734 


31717 


12 , 




49 


9 28 


50 32 


68305 


94239 


74047 


25953 


06741 


31695 


11 ! 


50 


8 9 20 


3 50 40 


9.68328 


9.94252 


9.74077 


10.25923 


10.06748 


10.31672 


10 , 




51 


9 12 


50 48 


68351 


94245 


74107 


26893 


06756 


31649 


9 




52 


9 4 


50 56 


68374 


94238 


74137 


26863 


06762 


31626 8 ; 
316031 7 
31580 6 




53 1 


8 56 


51 4 


68397 


94231 


74166 


26834 


06769 


' 


54 ' 


8 48 


61 12 


68420 


94224 


74196 


26804 


06776 


55 


8 8 40 


3 51 20 


9.68443 


9.94217 


9.74226 


10.26774 


10.06783 


10.31657 


5 




56 


8 32 


51 28 


68466 


94210 


74256 


26744 


06790 


31534 


4 




57 


8 24 


51 36 


68489 


94203 


74286 


25714 


06797 


31611 


3 , 




58 


8 16 


51 44 


68512 


94196 


74316 


25684 


06804 


31488 


2 




59 


8 8 


61 52 


68534 


94189 


74345 


25656 


06811 


31466 


1 




60 


8 


52 


68557 


94182 


74375 


256^6 


05818 


31443 





xM 


Hourp.M. 


HOUFA.H.' 


Co-sine. 


Sine. 


Co-tang. 


Tangent. 


Co-secant 


Secant. ! M^ 




118 


Pegs. 


- ■y 












Dees 


.61. 



19 Pegs. 



Log. Sines^ Tangents and Secants. 




Degs. 150. 



ourp.M. 



Sine. Co-siDe. 



3 62 
52 8 
52 16 
52 24 
52 32 



9.68657 
68580 
68603 
68625 
68648 



3 52 40 
52 48 

52 56 

53 4 
53 12 



3 53 20 
53 28 
53 36 
53 44 

53 62 



9.68671 
68694 
68716 
68739 
68762 



.68784 
68807 
68829 
68852 
68875 



9.94182 
94175 
94168 
94161 
94154 



Tangent 



9.94147 
94140 
94133 
94126 
94119 



9.68897 
68920 
68942 
68965 
68987 



9.94112 
94105 
94098 
94090 
94083 



9.74376 
74405 
74435 
74465 
74494 



9.69010 
69032 
69055 
69077 
69100 



9.69122 
69144 
69167 
69189 
69212 



9.94076 
94069 
94062 
94065 
94048 



9.94041 
94034 
94027 
94020 
94012 



9.74524 
74554 
74583 
74613 
74643 

9.746T3 
74702 
74732 
74762 
74791 



Co-tang. 



10.25625 
25595 
25565 
25535 
25506 



10 



.25476 
25446 
25417 
25387 
25367 



Secant 



10.06818 
05825 
05832 
05839 
05846 



10 



10. 



9.74821 
74351 
74880 
74910 

74939 



45 

46 
47 
48 
49 



40 


8 2 40 


41 


2 32 


42 


2 24 


43 


2 16 


44 


2 8 



50 
51 
52 
53 

54 



8 



2 
1 52 
1 44 
1 36 
1 28 



3 67 20 
57 28 
57 36 
57 44 
57 52 



8 



55 
56 
57 
58 
59 
60 



1 20 
1 12 
1 4 
56 
48 



8 



40 
32 
24 
16 



3 68 
58 8 
58 16 
58 24 
68 32 



9.69234 
69266 
69279 
69301 
69323 



9.69346 
69368 
69390 
69412 
69434 



9.69466 
69479 
69501 
69523 
69646 



3 68 40 
58 48 

58 66 

59 4 
59 12 








8 




59 20 
59 28 
59 36 
59 44 
59 52 




9.69667 
69689 
69611 
69633 
69666 



9.94006 
93998 
93991 
93984 
93977 



9.93970 
93963 
93956 
93948 
93941 



9.749o9 
74998 
76028 
75058 
75087 



9.75117 
76146 
75176 
76206 
75236 



26327 
26298 
25268 
25238 
26209 



05863 
05860 
05867 
03874 
06881 



10 



10 



26179 
26149 
25120 
25090 
25061 



10.26C>31 
26002 
24972 
24942 
24913 



9.93934 
93927 
93920 
93912 
93905 



9.93898 
93891 
93884^ 
9387G 
93869 



9.76264 
76294 
76323 
75363 
76382 



9.76411 
76441 
76470 
75600 
75529 



9.69677 
69699 
69721 
69743 
69766 



M Hoarp.M. Houta.m. Co-sine. 



9.69787 
69809 
69831 
69853 
69875 
69897 



9.93862 
93855 
93847 
93840 
93833 



9.93826 
93819 
93811 
93804 
93797 



9.93789 
93782 
93775 
93768 
93760 
93763 



bine. 



9.76568 
76588 
75617 
76647 
75676 



10.24883 
24854 
24824 
24795 
24765 



06888 
06895 
05902 
05910 
05917 



Co-secaiit| M 



10.31443 
31420 
31397 
31376 
31362 



10.31329 
31306 
31284 
31261 
31238 



10, 



06924 
06931 
05938 
05945 
05962 



10 



069.59 
06966 
06973 
05980 
06988 



10.24736 
24706 
24677 
24647 
24618 



10.24589 
24669 
24530 
24500 
24471 



9.76706 
75736 
75764 
76793 
76822 



9.76852 
75881 
76910 
76939 
75969 



9.76998 
76027 
76056 
76086 
76115 
76144 



10.24442 
24412 
24383 
24353 
24324 



10. 



06995 
06002 
06009 
06016 
06u23 



10.06030 
06037 
06046 
06062 
06059 



10.31216 
31193 
31171 
31148 
31125 



60 
59 
58 
57 
56 



55 
54 
53 
52 
51 



10.31103 
31080 
31058 
31035 
31013 



10.30990 
30968 
30946 
30923 
30900 



10.30878 
30856 
30833 
30811 
30788 



50 
49 
48 
47 
46 



45 
44 
43 
42 
41 



40 
39 
38 
37 
36 



10.06066 
06073 
06080 
06088 
06096 



10 24295 
2426i) 
24236 
24207 
24178 



10.24148 
24119 
24090 
24061 
24031 



10.06102 
06109 
06116 
06124 
06131 



10.30766 
30744 
30721 
30699 
30677 



10.30665 
30632 
30610 
30588 
30566 



10.06138 
06146 
06153 
06160 
06167 



119 Dep. 



Co-tang. 



10.24002 
23973 
23944 
23914 
23885 
23866 



Tangent. 



10.06174 
061 SI 
06189 
06196 
06203 



10.06211 
06218 
06225 
06232 
06240 
06247 



10.30544 
30521 
30499 
30477 
30456 



35 
34 
33 
32 
31 



30 

29 
28 
27 
26 



25 
24 
23 
22 
21 



10.30433 
30411 
30389 
30367 
30346 



20 
19 
18 
17 
16 



10.30323 
30301 
302«'9 
30257 
30236 



Co-secart 



10.30213 
3019r 
30169 
30147 
30126 
30103 



Secant. 



15 
14 
13 
12 
11 



10 
9 
8 

7 
6 



5 
4 
3 
2 
1 




M 



r>eg?. 60. 



i_» — — _ ij. 



Log. Sines, Tangents and Secants. 





SODegs. 














Degs. 149. I 




M 


HOUTA.N. 


Hourp.M. 


Sine. 


Co^siue. 


Tangent. 


Co-tang. 


Secant. 


Co-secant 


M 


6 


8 


4 


9.69897 


9.93753 


9.76144 


10.23856 


10.06247 


10.30103 


60 




1 


7 59 52 


8 


69919 


93746 


76173 


23827 


06264 


30081 


69 




2 


59 44 


16 


69941 


93738 


76202 


23798 


06262 


30059 


58 




3. 


59 36 


24 


69963 


93731 


76231 


23769 


06269 


30037 


57 




4 


69 28 


32 


69984 


93724 


76261 


23739 


06276 


30016 


66 


6 


7 59 20 


4 40 


9.70006 


9.93717 


9.76290 


10.23710 


10.06283 


10.29994 


66 




6 


59 12 


48 


70028 


93709 


76319 


23681 


06291 


29972 


54 




7 


69 4 


56 


70050 


93702 


76348 


23652 


06298 


29950 


53 




8 


58 56 


1 4 


70072 


93695 


76377 


23623 


06305 


29928 


52 




9 


58 48 


1 12 


70093 


93687 
"3^936^0 


76406 


23594 


06313 


29907 


51 


10 


7 58 40 


4 1 20 


9.70115 


9.76435 


10.23563 


10.06320 


10.29886 


60 




11 


58 32 


1 28 


70137 


93673 


76464 


23536 


06327 


29863 


49 




12 


58 24 


1 36 


70159 


93665 


76493 


23507 


06335 


29841 


48 




13 


58 16 


1 44 


70180 


93658 


76522 


23478 


06342 


29820 


47 




14 


58 8 


1 52 


70202 


93650 


76651 


23449 


06350 


29798 


46 


15 


7 58 


4 2 


9.70224 


9.93643 


9.76580 


10.23420 


10.06357 


10.29776 


45 




16 


57 62 


2 8 


70245 


93636 


76609 


23391 


06364 


29755 


44 




17 


67 44 


2 16 


70267 


93628 


76639 


23361 


06372 


29733 


43 




18 


57 36 


2 24 


70288 


93621 


76668 


23332 


06379 


29712 


42 




19 


67 28 


2 32 


70310 


93614 


76697 


23303 


06386 


29690 


41 


20 


7 67 20 


4 2 40 


9.70332 


9.93606 


9.76725 


10.23276 


10.06394 


10.29668 


40 




21 


67 12 


2 48 


70353 


93599 


76754 


23246 


06401 


29647 


39 




22 


67 4 


2 56 


70375 


93591 


76733 


23217 


06409 


29626 


38 




23 


66 56 


3 4 


70396 


93584 


76812 


23188 


06416 


29604 


37 




24 


56 48 


3 12 


70418 


93577 


76841 


23169 


06423 


29582 


36 


25 


7 56 40 


4 3 20 


9.70439 


9.93569 


9.76870 


10.23130 


10.06431 


10.29561 


35 




26 


66 32 


3 28 


70461 


93562 


76899 


23101 


06438 


29539 


31 




27 


56 24 


3 36 


70482 


93554 


76928 


23072 


06446 


29518 


33 




28 


66 16 


3 44 


70504 


93547 


76957 


23043 


06453 


29496 


32 




29 


66 8 


3 52 


70625 


93539 


76986 


23014 


06461 


29476 


31 f 


SO 


7 56 


4 4 


9.70547 


9.93532 


9.77015 


10.22985 


10.06468 


10.29463 


30 




31 


66 52 


4 8 


70568 


93525 


77044 


22956 


06475 


29432 


29 




32 


65 44 


4 16 


70590 


93517 


77073 


22927 


06483 


29410 


28 




33 


56 36 


4 24 


70611 


93510 


77101 


22899 


06490 


29389 


27 




34 


66 28 


4 32 


70633 


93502 


77130 


22870 


06498 


29367 


26 


35 


7 66 20 


4 4 40 


9.70654 


9.93495 


9.77159 


10.22841 


10.06505 


10.29346 


25 




36 


65 12 


4 48 


70675 


93487 


77188 


22812 


06513 


29325 


24 




37 


. 66 4 


4 56 


70697 


93480 


77217 


22783 


06520 


29303 


23 




38 


54 56 


5 4 


70718 


93472 


77246 


22754 


06528 


29282 


22 




39 


64 48 


5 12 


70739 


93465 


77274 


22726 


06535 


29261 


21 ! 


40 


7 64 40 


4 5 20 


9.70761 


9.93457 


9.77303 


10.22697 


10.06543 


10.29239 


20 . 




41 


64 32 


6 28 


70782 


93450 


77332 


22668 


06550 


29218 


19 




42 


64 24 


5 36 


70803 


93442 


77361 


22639 


06558 


29197 


18 .: 




43 


64 16 


5 44 


70824 


93435 


77390 


22610 


06565 


29176 


17 




44 


64 8 


6 52 


70846 


93427 


77418 


22582 


06573 


29154 


16 


45 


7 54 


4 6 


9.70867 


9.93420 


9.77447 


10.22553 


10.0658(^ 


10.29133 


15 




46 


53 52 


6 8 


70888 


93412 


77476 


22524 


06588 


29112 


14 




47 


63 44 


6 16 


70909 


93406 


77505 


22495 


06595 


29091 


13 




48 


63 36 


6 24 


70931 


93397 


77533 


22467 


06603 


29069 


12 




49 


63 28 


6 32 


70962 


93390 


77662 


22438 


06610 


29048 


11 


50 


7 53 20 


4 6 40 


9.70973 


9.93382 


9.77691 


10.22409 


10.06618 


10.29027 


10 




51 


63 12 


6 48 


70994 


93376 


77619 


22381 


06625 


29006 


9 




52 


53 4 


6 56 


71015 


93367 


77648 


22352 


C6633 


28986 


8 




53 


62 66 


7 4 


71036 


93360 


77677 


22323 


06640 


28964 


7 




54 


62 48 


7 12 


71058 


93352 


77706 


22294 


06648 


28942 


6 


55 


7 52 40 


4 7 20 


9.71079 


9.93344 


b. 77734 


10.22266 


10.06656 


10.28921 


6 




56 


62 32 


7 28 


71100 


93337 


77763 


22237 


06663 


28900 


4 




57 


52 24 


7 36 


71121 


93329 


77791 


22209 


06671 


28879 


3 




58 


62 16 


7 44 


71142 


93322 


77820 


22180 


06678 


28858 


2 


59 1 


52 8 


7 52 


71163 


93314 


77849 


22151 


C6686 


28837 


I 1 




60 


62 


8 


71 184 


93307 


77877 


22123 


06693 


28816 


^ 




M 


Hourp.H. 


HourA.H. 


Co-sine. 


Sine. 


Co-tang. 


Tangent.' Co- secant 


Secant. 


1 M 



190 Degs. 



Deji^s. 60 



31 Pega. 



Log. Sines, 1 aiigeats aud Secants. 



Peg. 148. 



M 



HoiirA.M. 




1 

2 
3 

4 



5 
6 
7 
8 
9 



10 
11 

12 
13 
14 



id 
16 
17 
18 
19 



20 
21 

22 
23 
24 

25 
26 
27 
28 
29 



30 
31 
32 
33 
34 



35 
36 
37 
38 
39 



40 
4.1 
42 
43 

44 

45 
46 
47 

48 
49 



7 62 
51 52 
51 44{ 
51 36 
51 28 



7 51 20 
51 12 
51 4 
50 56 
50 48 



Hoiirp.M. 



8 
8 

B 16 
8 24 
8 32 



7 60 40 
50 32 
50 24 
50 16 
50 8 



7 50 

49 52 
49 44 
49 36 
49 28 



8 40 
8 48 

8 56 

9 4 
9 12 



Sine. 



9.71184 
71205 
71226 
71247 
71268 



Co'sine. 



9.71289 
71310 
7li331 
71362 
71373 



9 £0 
9 28 
9 36 
9 44 
9 52 



4 10 
10 
10 16 
10 24 
10 32 



7 49 20 

49 12 

49 4 

'48 56 

48 481 



7 48 40 
48 32 
48 24 
48 16 
48 8 



7 48 
47 52 
47 44 
47 36 
47 28 



4 10 40 
10 48 

10 66 

11 4 
11 12 



71414 
71435 
71456 
714r/ 



9.93307 
93299 
93291 
93284] 
9327« 



9.93269 
93261 
93233 
93246 
93338 



9771393 9.93230 



Tangent. 



9.77877 
77906 
77935 
77963 
77992 



Co-tang, decant. | Co-secant 



10,22123 10.06693 



9.78020 

78049 

78077 

78106 

^ 78136 



93223 
93215 
93207 
S3200 



9.71498 
71319 
71539 
716601 
71381 



4 11 20 
11 23 
11 36 
11 44 
11 52 



7 47 20 
47 12 
47 4 
46 56 
46 48 



7 46 40 
46 82 
46 241 
46 16 
46 8 



4 12 
12 
12 16 
12 24 
12 32^ 



9.71602 
71622 
71643 
71664 
71686 



9.71703 
71726 
71747 
71767 
7178fi 



9.93192 

' 1>3184 

93177 

93169 

93161 



9.93134 
93146 
93138 
93131 
93123 



4 12 40 
12 48 

12 66 

13 4 
13 12 



4 13 20t 
13 28 
13 36 
13 44 
13 52 



DO 
51 
62 
63 
64 



65 
06 
67 
68 
69 
60 



M 



7 46 
46 52 
45 44\ 

45 36 

46 28 



4 14 
14 



.9.71809 
71829 
71860 
71870 
71891 



9.71911 
71932 
71952 
71973 
71994 



9.93116 
93108 
93100] 
93092 
930841 



9. 78163 
78192 
78220 
78249 
78277 



22094 
22065 
22GS7 
22008 



10.21980 
21951 
21923 
21894 
21866 



10.218^7 
21808 
21780 
21761 

S1723 



9.78306 
78334 
78363 
78391 
78419 



10.21694 
21666 
21637 
21609 
21681 



9.73448 
78476 
78305 
78533 
783G2 



9.93077 
93069 
93061 
93053 
93046 



9.93038 
'93030 
93022 
93014 
93007 



9.72014 
72034 
72065 
72075 
72096 



9.78390 
78618J 
78647 
78675 

. 78704 



9.78732 
78760 
78789 
788 nj 
7G845 



06701 
06709 
06716 
06724 



1«. 06731 
06739 
06747 
067.54 
06762 



10.28816 
28796 
28774 
28763 
28732 



M 



10.28711 
28690 
28669 
28648 
28627 



60 
59 
58 
57 
66 



tl0.O67'/a 10.28607 
06777 28586 
06785 • 28565 
06793 28544 



06800 



10.21662 
215241 
21493 
21467 
21438 



10.21410 
21382 
21353 
21323 
21296 



10.06808 
06316 
06823 
06831 
06839 



lU. 06846 
06834] 
06862 
06369, 
068771 



10.06885 
06892 
06900 
06908 
06916 



285^3 



10.285^J2 
28481 
S8461 
2844-0 
28419 



10.28398 
28378 
28357 
28336 
28316 



55 
54 
53 
62 
51 



50 
49 
48 
47 
46 



45 
44 
43 
42 
41 



40 
39 

3a 

37 

36 



9.7887410.21126 



78902 
78930 
78959 
78987 



7 45 20 
45 12 
45 4 
44 66 
44 48 



7 44 40 
44 32 
44 24 
44 16 
44 8 
44 



Hourp.H. 





8 

14 16 
14 24] 
14 3t 



4 14 40 
14 481 

14 56 

15 4) 
15 12 



4 16 20 
15 28 
15 36 
15 44 

15 52 

16 



9.72116 
72137 
72167 
72177 
72198 



9.92999 
92991 
92983 
^2976 
92968 



9.72218 
72238 
72259 
72279 
72299 



9.72320 
72340 
72360 
72381 
72401 
72421 



9.92960 
92952 
92944 
9^2936 
92929 



10.21268 
21240 
21211 
21183 
21156 



21098 
21070 
21041 
2I01« 



10.06923 
06931 
06939 
06947: 
06954 



10.06962 
069701 
06978 
06986 
1)699^ 



10.28296 

. 28274 

28253 

28233 

28212 

10.28191 
28171 
68160 
S8130 
28109 



9.79016 
79043 
79072 
79100 
79128 

"3779166 
79185 
79213 
79241 
792691 



10.20985'10.07001 



9.S2921 
92913 
.92905 
92897 
92889 



9.92881 
9?874 
92866 
92858 
928S0 
92842 



X'ii Oega. 



HoucA.M.1 Co-sine. * Si 
.1 ■ .*»i .. I .- I ^1 II « III I ii I 



• ome. 



9.79297 
79326 
79354 
79382 
794J0 



20957( 
2092« 
20900{ 
20872 



07009 
07017 
07024 
07032 



10.2084410.07040 
20816 €7048 
207871 07056 



20759 
20781 



9.79438 
79466 
79495 
795231 
79551 
79679 



10.20703 
20674 
20646 
20618 
20590 



10.20562 
20534 
20505 
20477 
S04491 
2Q421 



^70641 
07071 



10.28089 
28068 
^8048 
«8027 
28006 



35 
34 
33 
32 
31 



SO 

29 
28 
27 
26 



10.27986 
27966 
27945 
27925 
279Q4 



10.27884 



10.07079 
07087 
07096 
07103 
07111 



07126 
07134 
07142 
07150 
07158 



2T86S 14 

27843 13 

27823 12 

27802 11 



25 
24 
23 
22 
21 



20 
19 
18 
17 
16 



15 



10,27782 
27762 
27741 
27721 
27701 



10.0711*> 10.27680 



27660 
27640 
2761S 
27599 
27579 



Co-tan^. Tangent. Cn-secauti Secant. 



10 
9 
8 
7 
6 



5 

4 
3 
2 
1 




M 



Pegs. «8. 



/ • 



8 



32D€gy. 



Log. Sines, Taiigeuts aiiii Secants. 



M 




1 
2 
3 
4 



5 

6 
7 
8 
9 



10 
11 
12 
13 
14 



Id 
16 
17 
18 
19 



20 
21 

22 
23 
24 



25 
26 
27 
28 
S9 



30 
31 
32 
S3 
34 



36 
36 
37 
38 
39 



40 
41 

42 
43 

44 



45 
46 
47 
48 
49 



50 
51 

52 
53 
54 



55 

56 
57 
58 
59 
60 



HonrA.M 



m^ 



44 
43 52 
43 44 
43 36 
43 28 



7 43 20 
43 12 
43 4 

42 56 

42 48 



42 40 
42 32 
42 24 
42 16 
42" -8 



7 42 
41 52 
41 44 
41 36 
41 28 



41 20 
41 12 
41 4 
40 56 
40 48 



40 40 
40 32 
40 24 
40 16 
40 8 



40 
39 
39 
39 
39 




52 

44 
36 
28 



39 
39 
39 
38 
38 



20 
12 
4 
56 
48 



38 40 
38 32 
38 24 
38 16 
38 8 



7 38 
37 62 
37 44 
37 36 
37 28 



37 2Q 
37 12 
37 4 
36 66 
36 48 



36 40 
36 32 
36 24 
36 16 



E 



ourp.M. 



16 
16 
16 
16 
16 




8 

16 
24 
32 



16 
16 
16 
17 
17 



401 
48 
66 
4 
12 



4 17 
17 
17 
17 
17 



20 
28 
36 
44 

62 



4 18 
18 
18 
18 
18 





8 

16 

24 

32 



18 
18 
18 
19 
19 



40 
48 
66 
4 
12 



19 
19 
19 
19 
19 



20 
28 
36 
44 
62 



4 20 

20 
20 
20 
20 





8 

16 

24 

32 



4 20 
20 
20 
21 
21 



40 
48 
56 
4 
12 



4 21 
21 
21 

21 
21 



20 
28 
36 
44 
62 



22 
22 
22 
22 
22 





8 

16 

24 
32 



4 22 

. 22 

22 

23 

23 



40 
48 
56 
4 
12 



36 
36 



8 




23 
23 
23 
23 
23 
24 



20 
28 
36 
44 
52 




Sine. 



9.72421 
72441 
72461 
72482 
72602 



9.72522 
72642 
72662 
72582 
72602 



9.72622 
72643 
72663 
72683 
72703 



9.72723 
72743 
72763 
72783 
72803 



Co-6ine. 



9.92842 
92834 
92826 
92818 
92810 



9.92803 
92796 
92787 
92779 
92771 



9.92763 
92766 
92747 
92739 
92731 



9.72823 
72843 
72863 
72883 
72902 



9.72922 
72942 
72962 
72982 
73002 



9.73022 
73041 
73061 
73001 
73101 



9.73121 
73140 
73160 
73180 
73200 



9.73219 
73239 
73269 
73278 
73298 



9.73318 
73337 
73367 
73377 
73396 



9.73416 
73436 
73455 
73474 
73494 



9.73613 
73633 
73652 
73672 
73691 
73611 



9.92723 
92716 
92707 
92699 
92691 



9.92683 
92676 
92667 
92669 
92661 



9.92643 
92636 
92627 
92619 
92611 



9.92603 
92596 
92687 
926791 
92671 



9.92663 
92665 
92546 
92538 
92530 



9.92522 
92614 
92506 
92498 
92490 



9.92482 

92473 

.92466 

92467 

92449 



9.92441 
92433 
92426 
^2416 
92408 



9.92400 
92392 
92384 
92376 
92367 
92359 



M Houfi^tM. HouFA.M.^ Co-sine. 
122 Pegs. --—-—-—— 



Sine. 



Tangent 



9.79579 
79607 
79636 
79663 
79691 



9.79719 
79747 
79776 
79804 
79832 



9.79860 
79888 
79916 
79944 
79972 



9.80000 
80028 
80066 
80084 
80112 



9.80140 
80168 
80196 
80223 
80251 



9.80279 
80307 
80336 
80363 
80391 



9.80419 
80447 
80474 
80502 
80630 



9.80668 
80686 
80614 
86642 
80669 



9.80697 
80726 
80763 
80781 
80808 



9.80836 
80864 
80892 
80919 
80947 



9.80975 
81003 
81030 
81058 
81086 



9.81113 
81141 
81169 
81196 
81224 
812521 



Co-tang. 



10.20421 
30393 
20365 
20337 
20309 



10.20281 
20253 
20224 
20196 
20168 



10.20140 
20112 
20084 
20056 
20028 



10.20000 
19972 
19944 
19916 
19888 



10.19860 
19832 
19805 
19777 
19749 



10.19721 
19693 
19666 
19637 
19609 



10.19681 
19553 
19626 
19498 
19470 



10.19442 
19414 
19386 
19358 
19331 



10.19303 
19276 
19247 
19219 
19192 



10.19164 
191361 
19108 
19081 
19053 



10. 



19026 
18997 
18970 
18942 
18914 



10. 



18887 
18869 
18831 
18804 
18776 
18748 



Co-tang. Tangent. 



Secant. 



10.07168 
07166 
071741 
07182 
07190 



10.07197 
07205 
07213 

07221 
07229 



10 



.07237 
07246 
07253 
07261 
07269 



10 



.07277 
07285 
07293 
07301 
07309 



10 



10.07317 
07325 
07333 
07341 
07349 



10.07367 
07365 
07373 
07381 
07389 



10.07397 
07405 
07413 
07421 
07429 



10.07437 
07445 
07464 
07462 
07470 



10 



.07478 
07486 
07494 
07502 
07510 



10 



.07518 
07527 
07535 
07543 
07551 



10.07559 
07567 
07575 
07584 
07592 




^o-secant] 



10. 



276791 60 
27559! 69 
27539 5S 
27518 67 
27498 66 



10. 



27478 
27458 
27438 
27418 
27398 



10. 



27378 
27357 
27337 
27317 

27297! 



27277 
27257 
27237 
27217 
27197 



10.27177 
27157 
27137 
27117 

27098 



10.27078 
27068 
27038 
27018 
26998 



10.26978 
26969 
26939 
26919 
26899 



10. 



26879 
26860 
26840 
26820 
26800 



10 



.26781 
26761 
26741 
26722 
26702 



10 



.26682 
26663 
26643 
26623 
26604 



10.26684 
26665 
26545 
26526 
26606 



10.07600110.26487 



07608 
07616 
07624 
07633 
07641 



26467 
26448 
264S8 
26409 
26389 



Co-secaat Secant, i M_ 
Pegs. 61 



Log. Sinesy Tangents and Secants* 



331 


Degs. 


. 












Degs. 146. 


M 


HourA.M . Hourp.M. Sine. 


Co-«iDe. 


Tangent. | Co-tang. 


Secant. |Co-tcceni 


M 





7 36 4 24 9.73611 
3d 52 24 81 73630 


9.92369 


9.81262 


10.18748 


10. 07641|10. 26389 


60 


1 


92351 


81279 


18721 


076491 26370 


59 


2 


35 44 


24 16 


73660 


92343 


81307 


18693 


07667 


26360 


68 


3 


35 36 


24 24 


73669 


92335 


81335 


18666 


07665 


26331 


57 


4 


3d 28 


24 32 


73689 


92326 


81362 


18638 


07674 


26311 


56 


6 


7 35 20 


4 24 40 


9.73708 


9.^92318 


9.8139010.18610 


10.07682 


10.26292 


55 


6 


35 12 


24 48 


73727 


92310 


81418 


18582 


07690 


26273 


54 


7 


35 4 


24 56 


73747 


92302 


81446 


18556 


07698 


26253 


53 


8 


34 56 


25 4 


73766 


92293 


81473 


18627 


07707 


26234 


52 


9 


34 48 


25 12 


73785 


92285 


81500 


18500 


07715 


26216 


51 


10 


7 34 40 


4 25 20 


9.73805 


9.92277 


9.81528 


10.1»472 


10.07723 


10.26196 


50 


11 


34 32 


25 28 


73824 


92269 


81656 


18444 


07731 


26176 


49 


12 


34 24 


25 36 


73843 


92260 


81583 


18417 


07740 


26167 


48 


13 


34 16 


25 44 


73863 


92252 


81611 


18389 


07748 


26137 


47 


14 


34 8 


25 52 


73882 


92244 


81638 18362 


07766 


26118 


46 


15 


7 34 


4 26 


9.73901 


9.92235 


9.81666 


10.18334 


10.07766 


10.26099 


45 


16 


33 52 


26 8 


73921 


92227 


81693 


18307 


07773 


26079 


44 


17 


33 44 


26 16 


73940 


92219 


81721 


18279 


07781 


26060 


43 


18 


33 36 


26 24 


73959 


92211 


81748 


18252 


07789 


26041 


42 


19 


33 28 


26 32 


73978 


92202 


81776 


1^224 


07798 


26022 


41 


20 


7 33 20 


4 26 40 


9.73997 


9.92194 


9.81803 


10.18197 


10.07806 


10.26003 


40 


21 


33 12 


26 48 


74017 


92186 


81831 


18169 


07814 


26983 


39 


22 


33 4 


26 56 


74036 


92177 


81858 


18142 


07823 


25964 


38 


23 


32 56 


27 4 


74055 


92169 


81886 


18114 


07831 


25945 


37 


24 


32 48 


27 12 


74074 


92161 


819J3 


18087 


07839 


25926 


36 


26 


7 32 40 


4 27 20 


9.74093 


9.92162 


9.81941 


10.18059 


10.07848 


10.25907 


35 


26 


32 32 


27 28 


74113 


92144 


81968 


18032 


07856 


25887 


34 


27 


32 24 


27 36 


74132 


92136 


81996 


18004 


07864 


26868 


33 


28 


32 16 


27 44 


74161 


92127 


82023 


17977 


07873 


25849 


32 


29 


32 8 


27 52 


74170 


92119 


82051 


17949 


07881 


26830 


31 


80 


7 32 


4 28 0| 9.74189 


9.92111 


9.82078 


10.17922 


10.07889 


10.26811 


30 


31 


31 52 


28 8 


74208 


92102 


82106 


17894 


07898 


25792 


29 


32 


31 44 


28 16 


74227 


92094 


82133 


17867 


07906 


25773 


28 


33 


31 36 


28 24 


74246 


92086 


82161 


17839 


07914 


25764 


27 


34 


31 28 


28 32 


74266 


92077 


82188 


17812 


07923 


26735 


26 


35 


7 31 20 


4 28 40 


9.74284 


9.92069 


9.82216 


10.17785 


10.07931 


10.26716 


25 


36 


31 12 


28 48 


74303 


92060 


82243 


17757 


07940 


26697 


24 


37 


31 4 


28 56 


74322 


92052 


82270 


17730 


07948 


2567^ 


23 


38 


30 56 


29 4 


74341 


92044 


82298 


17702 


07966 


25659 


22 


39 


30 48 


29 12 


ns6o\ 


92035 


82326 


17675 


07966 


25640 


21 


40 


7 30 40 


4 29 20 


9.74379 


9.92027 


9.82362 


10.17648 


10.07973 


10.25621 


20 


41 


30 32 


29 28 


74398 


92018 


82380 


17620 


07982 


25602 


19 


42 


30 24 


29 36 


74417 


92010 


82407 


17693 


07990 


25583 


18 


43 


30 16 


29 44 


74436 


92002 


82436 


17666 


07998 


25564 


17 


44 
45 


30 8 


29 52 


74456 


91993 


82462 


17538 


08007 


25545 


16 


7 30 


4 30 


9.74474 


9.91986 


9.82489 


10.17511 


10.08016 


10.26626 


15 


46 


29 52 


30 8 


74493 


91976 


82517 


17483 


08024 


25607 


14 


47 


29 44 


30 16 


74512 


91968 


82544 


17466 


08032 


26488 


13 


48 


29 36 


30 24 


74531 


91959 


HSii 


17429 


08041 


26469 


12 


49 


29 28 


30 32 


74549 


91951 


m99 


17401 


08049 


26461 


11 


50 


7 29 20 


4 3a 40 


9.74668 


9.dl942 


9. 82626 


10.17374 


10.08058 


10.25432 


10 


51 


29 12 


30 48 


74587 


91934 


82663 


17347 


08066 


25413 


9 


52 


29 4 


30 56 


74606 


91925 


82681 


17319 


08076 


26394 


8 


53 


28 56 


31 4 


74626 


91917 


82708 


17292 


08083 


26375 


7 


54 


28 48 


31 12 


74644 


91908 


82736 


17265 


08092 


26356 


6 


55 


7 28 40 


. 4 31 20 


9.74662 


9.91900 


9.82762 


10.17238 


10.08100 


10.25338 


5 


56 


28 32 


31 28 


74681 


91891 


82790 


17210 


08109 


25319 


4 


57 


28 24 


31 36 


74700 


91883 


82817 


17183 


08U7 


2630(1 


3 


58 


28 16 


31 44 


74719 


. 91S74 


82844. 


17166 


08126 


25281 


s 2 


59 


28 8 


31 52 


74737 


91866 


82871 


17129 


08134 


25263 1 


60 


28 


32 


74756 


91867 


82899 


17101 


08143 


26244 


M 


Hoarp.M. 


HourA.M. 


Co- sine. 


Sine. 


Co-tans. 


Tangent. 


!Co-s.ecant 


Secant. M 


1183 1 


>e2s. 




- ■■ 


I> 








Degs. (»6. 



h 



34 Degs. 



Log. Sines, Tangents and Secants. 



Pegs. 145. 



M 




1 

t 
3 
4 



5 
6 
7 
8 
9 



10 
11 
12 
13 
14 



15 
16 
17 
18 
19 



20 
21 

22 
23 
24 



25 
26 
27 
28 

29 



30 
31 
32 
33 
34 



35 
36 
37 
38 
39 



40 
41 

42 
43 
44 



45 
46 
47 
48 
49 



50 
61 

52 
53 
54 



55 

56 
57 
58 
59 
SO 



HourA.M. 



28 
27 52 
27 44 
27 36 
27 28 



27 20 
27 12 
27 4 
26 56 
26 48 



26 40 
26 32 
26 24 
26 16 
26 8 



Houri^.M. 



32 
32 
32 
32 
32 





8 

16 

24 

32 



Sine. 



9.74756 9.91857 9.82899 



32 
32 
32 
33 
33 



40 
48 
56 
4 
12 



33 
33 
33 
33 
33 



20 
28 
36 
44 
62 



74775 
74794 
74812 
74831 



9.74850 9.91815 



74868 
74887 
74906 
74924 



9.74943 
74961 
T4980 
74999 
75017 



26 

25 52 
25 44 
25 36 
25 28 



25 20 
25 12 
25. 4 
24 56 
24 48 



24 40 
24 32 
24 24t 
24 16 
24 8 



7 24 
23 .52 
23 44 
23 36 

23 28 



r 23 20 
23 12 
23 4 
22 56 

22 48 



7. 22 40 
22 32 
22-24 
22 16 
22 8 



22. 

21 

21 

21 

21 




52 
44 
36 
28 



21 
21 
21 
20 
20 



20 

12 

4 

56 

48 



20 
20 
20 
20 
20 
20 



40 
32 
24 
16 

n 





34 
34 
34 
34 
34 





8 

16 

24 

32 



34 
34 
34 
35 
35 



4 35 
35 
35 
35 
35 



4 36 

36 
36 
36 
36 



40 

48 

56 

4 

n 

20 
28 
36 
44 
52 

~0 

8 

16 

24 

32 



4 3G 
36 
36 
37 
37 



40 
48 
56 

41 
12 



37 
37 
37 
37 
37 



20 
28 
36 
44^ 

52 



4 38 
33 
38 
38 
38 





8 

16 

241 

32 



.4 38 
38 
38 
39 
39 



40 

48 

56 

4 

12 



4 39 
39 
39 
39 
39 
40 



20 
28 
36 
44 
52 




9.76036 
75054 
76073 
7IP91 
751)0 



9.75128 
75147 
75165 
75184 
75202 



9.75221 
75239 
75258 
75276 
75294 



9.75313 
76331 
75350 
76368 
76386 



9.75405 
75423 
75441 
75459 
75478 



.75496 
75614 
76533 
76651 
76569 



.76687 
76605 
75624 
75^42 

75660 



.75678 
76696 
75714 
75733 
75751 



9.75769 
75787 
75806 
75823 
76841 
75869 



Co-sine. 



91849 
91840 
91832 
91823 



91806 
91798 
91789 
91781 



9.91772 



91763 83198 



91755 
91746 
91738 



9.91729 
91720 

, 91712 
91703 
91696 



9.91686 

91677 

91669{ 

•91660 

91651 



9.91643 
91634 
91625 
91ftl7 
91608 



9.91599 
91591 
91582 
91573 
91666 



9.91556 
91547 
91538 
91630 
91521 



91612 
91504 
91495 
91486 
91477 



,91469 
91460 
91451 
9)442 
91433 



9 



.9'1425 
91416 
91407 
91398 
91389 



9.91381 
91372 
91363 
91364 
91346 
91336 



M IHourp.M. HourA.M. Co-sjne. ' Sine 



Tangent. 



82926 
82953 
82980 
83008 



9.83035 
83062 
83089 
83117 
831441 



9,83171 



83226 
83262 
83280 



9^.83307 
83334 
83361 
83388 
83416 



9.83442 
83470 
83497 
83624 
83551 



ft. 83578 
83605 
83632 
83659 
83686 



10. 



9.83713 
83740 
83768 
83795 
83822 



9.83849 
83876 
83903 
83930 
83957 



.8398410. 
84011 
84038 
84065 
84092 



.84119 
84146 
84173 
84200 
84227 



.84254 
84280 
84$07 
843341 
84361 



9.84388 
84415 
84442 
84469 
84496 
84623 



Co-tang. | Seca nt. jCo-sCTamj M \ 

10 . OsTiSilO . 252441 (iO I 

252251 59 I 
^206 58 



10 



10. 



10. 



10 



10. 



10. 



10. 



10. 



10. 



10. 



7101 
7074 
7047 
7020 
6992 



6965 
6938 
6911 
6883 
6856 



6829 
6802 
6776 
6748 
6720 



6693 
6666 
6639 
6612 
6585 



6558 
6630 
6503 
6476 
6449 



6422 
6395 



6368 08375 



6341 
6314 



6287 
6260 
6232 
6205 
6178 



6151 
6124 
6097 
6070 
6043 



6016 
5989 
5962 
6935J 
5908 



5881 
5854 
6827 
5800 
577^ 



6746 
5720 
5693 
6666 
5639 



6612 
6636 
6568 
6631 
6604 
5477 



08161 
08160 
08168 
08177 



10.08i85|l0.25150 55 
25132 54 



081941 
06202 
08211 
08219 

10.08228 
08237 
08246 
08264 
08262 



10.08271 
08280 
08288 
08297 
08305 



10.0831410.24872 



0S323 
08331 
08340 
08349 



10.08357 
08366 



08383 
08392 



10.08401 
08409 
08418 
98427 
08436 



10.08444 
08453 
08462 
08470 
08479 



10.08488 
08496 
08505 
08514 
08523 



10 



.08531 
08540 
08549 
08566 
0^567 



W: 



08676 

08584 
08^93 
06602 
08611 



10.08619 
08628 
0^37 
08646 
08665 
08664 



Co-laog. Tangent l-Co-gecant Secant 



25188 
25169 



S6113 



26094 52 



25076 



10.25057 
25039 



25020 48 



25001 
24983 



10.24964 45 



S4946 
24927 
24909 
24890 



24853 
24835 
24816 
24798 



10.24779 
24761 
24742 
24724 
24706 



10.24687 
24669 
24650 
24632 
24614 



10.24595 
24677 
$45591 
24541 
24522 



10.24504 
24486 
24467 
24449 
24431 



10 



24413 
24395 
24376 
24358 
24340 



10 



24322 
24304 
24286 
24267 
24249 



10 



24231 
24213 
24195 
24177 
24159 
24141 



57 

56 



53 



61 



50 
49 



47 
46 



44 
43 
42 
41 



40 
39 
38 
37 
36 



35 
34 
33 
32 
31 



30 
29 
28 
27 
26 



25 
24 
23 
22 
21 



20 
19 
18 
17 
16 



16 
14 
13 
12 
11 



10 
9 
8 
7 
6 



5 
4 
3 
2 
1 




M 



"\ 



Deg». 55. 









Los. Sines. I'angents ana recants 


• 








35 Decs. 






JDegB.144. 




M 


HouTA-M. Hourp-M. 


Sine. 


Co-^ne. 


Tangent. 


Co-tang. 


-Secant. 


Cee'Secant 


M 







7 20 4 40 


9.75869 


9.91336 


9.84623 


10.15477 


10.08664 


10.24141 


60 




1 


19 52 


40 8 


75877 


91328 


84650 


15450 


08672 


24123 


59 




2 


19 44 


40 16 


76895 


^ 91319 


84576 


16424 


08681 


24105 


68 




3 


19 36 


40 24 


76913 


' 91310 


94603 


16397 


08690 


24087 


57 


f 


4 


19 28 


40 32 


75531 


91301 


84630 


15370 


08699 


24069 


56 


1 


5 


7 19 20 


4 40 40 


9.75949 


9.91292 


9.84667 


10.15343 


10.08708 


10.24051 


55 


1 


6 


Id- 12 


40 48 


. 75967 


91283 


84684 


15316 


08717 


24033 


54 




7 


1» 4 


40 5W 75985 


91274 


84711 


15289 


08726 


24016 


53 




' 8 


18 66 


41 4 


76003 


91266 


84738 


15262 


08734 


. 23997 


62 . 




[ 9 


18 48 


41 12 


76021 


91257 


84764 


16236 


08743 


23979 


51 




10 


7 18 40 


4 41 20 


9.76039 


9.91248 


9.84791 


10.16209 


10.08752 


10.23961 


50 


I 


11 


18 32 


41 28 


76057 


91239 


84818 


15182 


08761 


23943 


49 




12 


18 24 


41 36 


76075 


91230 


84845 


16156 


08770 


23925 


48 




13 


18 16 


41 44 


76093 


91221 


84872 


15128 


08779 


23907 


47 




14 


18 8 


41 52 


76111 


91212 


84899 


15101 


08788 


23889 


46. 


1 


Id 


'7 18 


4 42 


9.76129 


9.91203 


9.84926 


10.15075 


10.08797 


10.23871 


45 




16 


17 62 


42 8 


76146 


91194 


84952 


15048 


08806 


23854 


44 




17 


17 44 


42 M 


76164 


91185 


84979 


15021 


08815 


28836 


43 


1 


18 


17 36 


42 24 


• 76182 


91176 


86006 


14994 


08824 


23818 


42 




19 


17 28 


42 32 


76200 


91167 


85033 


14967 


08833 


23800 


41 


■ 


20 


7 17 20 


4 42 40 


9.76218 


9.91168 


9.85069 


10.14941 


10.08842 


10.23782 


40 


, 


21 


17 12 


42 48 


76236 


91149 


85086 


14914 


08851 


23764 


39 




22 


17 4 


42 56 


76263 


91141 


85113 


14887 


08869 


23747 


38 


' 


23 


16 66 


43 4 


76271 


91132 


86140 


14860 


08868 


23729 


37 




24 


16 48 


43 12 


76289 


91123 


85166 


14834 


08877 


23711 


36 




25 


7 16 40 


4 43 20 


y. 76307 


9.iiiJ14 


9.85193 


10.14807 


10.08886 


10.23693 


35 


, 


26 


16 32 


. 43 28 


76324 


iU106 


86220 


14780 


08896 


23676 


34 




27 


16 24 


43-36 


76342 


91096 


85247 


14753 


0890^ 


23658 


33 




28 


16 16 


43 44 


76360 


91087 


86273 


14727 


08913 


23640 32 1 




JO 


U 8 


43 52 


76378 


91078 


86300 


14700 


08922 


23622 


31 




30 


7 16 


4 44 


9.76395 


9.91069 


9.86327 


10.14673 


10.08931 


10.23606 


30 




31 


15 52 


44 8 


76413 


91060 


85364 


14646 


08940 


23687 


29 




32 


15 44 


44 16 


76431 


91051 


86380 


14620 


08949 


23569 


28 




33 


15 36 


44 24 


76448 


91042 


86407 


14693 


08958 


23552 


27 




34 


15 28 


44 32 


76466 


91033 


86434 


14666 


08967 


23534 


29 


• 


35 


7 15 20 


4 44 40 


1^.76484 


9.91023 


9.85460 


10.14540 


1Q.089T7 


10.23516 


25 


I 


36 


15 12 


44 48 


76501 


91014 


85481 


14513 


08986 


23499 


24 




37 


15 4 


44 5G 


76519 


910O5 


85614 


14486 


08995 


23481 


23 : 




38 


14 56 


45 4 


76537 


90996 


86640 


14460 


09004 


23463 


22 




39 


14 48 


45 12 


76564 


90987 


86567 


14433 


09013 


23446 


21 


' 


40 


7 14 40 


4 45 20 


9.76672 


9.90S^78 


9.85594 


10.14406 


10.09022 


10.23428 


20 . 




41 


14 32 


45 28 


76590 


90969 


85620 


14380 


09031 


23410 


19 


. 


42 


14 24 


45 36 


76607 


90960 


85647 


14353 


09040 


23393 


18 




43 


14 16 


45 44 


76626 


90961 


85674 


14326 


09049 


23376 


17 


' 


44 


14 8 


45 52 


76642 


90942 


85700 


14300 


09053 


23358 


16 


r 


45 


7 14 


4 46 


9.76§60 


9.90933 


9.85727 


10.14273 


10.09067 


10.23340 


15 




46 


13 52 


46 8 


76677 


90924 


85754 


14246 


09076 


23323 


14 ^ 


1 


47 


13 44 


46 16 


76696 


90915 


85780 


14220 


09085 


23305 


13 




48 


13 36 


46 24 


76712 


90906 


85807 


14193 


09094 


23288 


12 




49 


. 13 28 


4€ 32 


76730 


90896 


85834 


14166 


09104 


23270 


11 




60 


7 13 20 


4 46 40 


9.76747 


9.90887 


9.85860 


10.14140 


10.09113 


10.23253 


10 




51 


13 12 


46 48 


76766 


90878 


85887 


14113 


09122 


23235 


9 


- 


52 


13 4 


46 56 


76782 


90869 


85913 


14087 


09131 


23218 


8 




63 


12 56 


47 4 


76800 


90860 


85940 


14060 


09140 


23200 


7 




64 


12 48 


47 12 


76817 


90851 


85967 


14033 


09149 


23183 


6 




66 


7 12 40 


4 47 20 


9.76835 


9.90842 


9.85993 


10.14007 


10.09158 


10.23166 


5 




66 


12 32 


47 28 


76852 


90832 


86020 


13980 


09168 


23148 


4 




67 


12 24 


47 36 


76870 


90823 


86046 


13954 


09177 


23180 


3 




68 


12 16 


47 44 


76887 


90814 


86073 


139271 


09186 


23113 


2 


■ 


69 


12 8 


47 62 


76904 


90805 


86100 


13900 


09195 


23096 


1 




60 


12 


48 


76922 


90796 


86126 


13874 


09204 


23078 







M I 


■iourp.M.'HoufA.M. 


Co-sine. 


SSine. 


Co^tang. 


Tangent. Co-secant' Secant. 


M 


i 



125 i>egs. 



P«g3. 54, 



Log. Sines, Tangents and Secants. 



36 Degs. 










y 




Degs. 143. 


¥ 


iHourA.M. 


Hourp.M. 


Sine. 


Co-sine. 


Tangent. 


Co-tan^. Secant. Co-secantj 


M 





1 7 12 


4 48 


9.76922 


9.90796 


9.86126 


llO. 13874.10.09204 


10.23078 


60 


1 


11 62 


48 8 


76939 


90787 


86163' 


13847 


092131 


23061 


59 


2 


11 44 


48 16 


76967 


90777 


86179 


13821 


09223 


23043 


58 


3 


11 36 


48 24 


76974 


90768 


86206 


13794 


09232 


23026 


57 


4 


11 28 


48 32 


76991 


90759 


86232 


13768 


092411 23009 


56 


5 


7 11 "20 


4 48 40 


9.77009 


9.90750 


9.86239 


10.13741 


10.09230110.22991 


63 


.6 


11 12 


48 48 


77026 


90741 


86285 


13715 


092391 22974 


54 


7 


11 4 


48 56 


77043 


90731 


86312 


136891 09269! 22937| 


53 


8 


10 56 


49 4 


77061 


90722 


86338 


13662^ 


092781 22939 


62 


9 


10 48 


49 12 


77078 


90713 


86365 


13635 


09287,' 22922 


51 


10 


7 10 40 


4 49 20 


9.77093 


9.90704 


9.86392 


10.13608 


10.0929610.22905 


60 


11 


10 32 


49 28 


77112 


90694 


86418 


13382 


09306 


22888 


49 


12 


10 21. 


49 36 


77130 


90685 


86445 


13555 


09315 


22870 


48 


13 


10 16 


49 44 


77147 


90676 


86471 


13329 


09324 


22853 


47 


14 


10 8 


49 52 


77164 


90667 


86498 


13.502 


09333 


22836 


46 


15 


7 10 


4 60 


9.77181 


9.90657 


9.86524 


10.13476 


10.09343 


10.22819 


45 


16 


9 62 


50 8 


77199 


90648 


86551 


13449 


09362 


22801 


44 


17 


9 44 


50 16 


77216 


90639 


86577 


' 13423 


09361 


22784 


43 


18 


9 36 


50 24 


77233 


90630 


86603 


13397 


09370 


22767 


42 


19 


9 28 


50 32 


77230 


90620 


86630 


13370 


09380 


22750 


41 


20 


7 9 20 


4 60 40 


9.77268 


9.90611, 


9.8665C 


10.13344 


10. 09389'lO. 22732 


40 


21 


9 12 


50 48 


77285 


90602 


86683 


13317 


09398 22715 


39 


22 


9 4 


50 56 


77302 


90592 


86709 


13291 


09408 22698 


38 


23 


8 66 


51 4 


77319 


90683 


86736 


13264 


09417 22681 


37 


24 


8 48 


51 12 


77336 


90574 


86762 


13238 


09426 22664 


36 


25 


7 8 40 


4 61 20 


9.77333 


9.90565 


9.86789 


10.13211 


10.09433 10.22647 


35 


26 


8 32 


51 28 


77370 


90555 


86816 


13185 


09445 22630 


34 


27 


8 24 


51 36 


77387 


90546 


86842 


13168 


09454 22613 


33 


23 


8 16 


51 44 


77403 


- 90537 


86868 


13132 


094631 22595 
094731 22578 


32 


29 


8 8 


51 52 


77422 


90527 


86894 


13106 


31 


30 


7 8 


4 62 


9.77439 


9.90518 


9.86921 


10.13079 


10.09482110.22361 


30 


31 


7 52 


52 8 


77436 


90609 


86947 


13053 


094911 22644 


29 


32 


7 44 


52 16 


77473 


90499 


86974 


13026 


09301. 22327 


28 


33 


7 36 


52 24 


77490 


90490 


87000 


13000 


09310 22310 


27 


34 


7 28 


62 32 


77507 


90480 


87027 


12973 


09320 22493 


26 


35 


7 7 20 


4 52 40 


9.77324 


9.90471 


9.87053 


10.12947 


10.09529 


10.22476 


25 


36 


7 12 


52 48 


77341 


90462 


87079 


12921 


09538 


' 22459 


24 


37 


7 4 


52 56 


77358 


90452 


87106 


12894 


09548 


22442 


23 i 


38 
39 


6 36 


53 4 


77575 


^90443 


87132 


12868 


09557 


22425 


22 


6 48 


53 12 


77592 


90434 


87158 


12842 


09566 


i 22408 


21 


40 


7 6 40 


4 53 20 


9.77609 


9.90424 


9.87185 


10.12815 


10.09576110.22391 


20 


41 


6 32 


63 28 


77626 


90415 


87211 


12789 


09585 22374 
09595 22367 


19 


42 


6 24 


63 36 


77643 


90406 


87238 


12762 


18 


43 


6 16 


63 44 


77660 


90396 


87264 


12736 


09604 22340 


17 


44 


6 8 


63 62 


77677 


90386 


87290 


12710 


09614) 22323 


16 
15 


45 


7 6 


4 64 


9.77694 


9.90377 


9.87317 


10.12683 


10. 09623J10. 22306 


46 


. 6 62 


54 8 


77711 


90368 


87343 


12657 


09632 


22289 


14 


47 


^ 44 


64 16 


77728 


90368 


87369 


12631 


09642 


22272 


13 


48 


5 36 


34 24 


77744 


90349 


87396 


12604 


09651 


22256 


12 


49 


5 28 


54 32 


77761 


90339 


87422 


12378 


09661 


22239 


11 1 


60 


7 5 20 


4 64 40 


9.77778 


9.d0330 


9.87448 


10.12552 


10.09670 


10.22223 


10 < 


51 


3 12 


54 48 


77795 


90320 


87475 


12525 


09680 


22205 


9 


62 


6 4 


54 66 


77812 


90311 


87501 


12499 


09689 


22188 


8 


53 


456 


55 4 


77829 


90301 


87627 


12473 


09699 


22171 


^ 


54 


4 48 


55 12 


77846 


90292 


87534 


12446 


09708 


22154 


6 


65 


7 4 40 


4 55 20 


9.77862 


9.90282 


9.87380 


10.12420 


10.09718 


10.22138 


6 


56 


4 32 


55 28 


77879 


90273 


87606 


12394 


09727 


22121 


4 


37 


4 24 


55 36 


77396 


90263 


87633 


12367 


09737 


22104 


3 


68 


4 16 


55 44 


77913 


90254 


87639 


12341 


09746 


22087 


2 


69 


4 8 


55 52 


^ 77930 


90244 


87686 


12315 


09736 


22070 


1 


60 


4 


66 


77946 


90233 


87711 


^2289 


09763 


22054 





\ M ■' 


Hourr.M. 


HOUFA.M. 


Co-sine. 


8iue. 


Co-tang.' 


Tangent. 


Co-secanl 


Secant. 


M 



126 begs. 



0eg3. 53. 



Log. Sines, I'angeuts and Secants. 



. 31 


Dcg». 


1 










t 


DegB. 


142. 


M 


HourA.M. 


Hourp.H. 


Sine. 


Co-sine. 


Tangent. 


Co^tang. 


Secant. iCo-secant 


1 M 1 





7 4 


4 56 


9.77946 


9.90235 


9.87711 


10.12289 


10.09765 


10.220541 60 1 


I 


3 52 


56 8 


77963 


90223 


87738 


122G2 


09775 


22037 


59 


2 


3 44 


66 16 


77980 


90216 


87764 


12236 


09784 


22020 


58 


3 


3 36 


56 24 


77997 


90206 


87790 


12210 


09794 


22003 


57 . 


4 


3 28 


56 32 


78013 


90197 


87817 


12183 


09803 


21987 


56 


5 


7 3 20 


4 56 40 


9.78030 


9.90187 


9.87843 


10.12157 


10.09813110. 21970i 55 


6 


3 12 


56 48 


7g047 


90178 


87869 


12131 


09822 


21953 


54 


7 


3 4 


56 56 


78063 


90168 


87895 


12105 


09832 


21937 


63 


8 


2 56 


57 4 


78080 


90159 


87922 


12078 


09841 


21920 


52 


9 


2 48 


57 12 


.78097 


90149 


87948 


12052 


09851 


21903 


51 
50 


10 


7 2 40 


4 57 20 


9.78113 


9.90139 


9.87974 


10.12026 


10.09861 


10.21887 


11 


2 32 


57 28 


78130 


9013^ S8000 


12000 


09870 


21870 


49 


12 


2 24 


57 36 


78149 


90120 


88027 


11973 


09880 


21853 


48 


13 


2 IG 


67 44 


78163 


90111 


88053 


11947 


09889 


21837 


47 


14 


2 8 


67 52 


78180 


90101 


88079 


11921 


09899 


21820 


46 


15 


7 2 


4 58 


9.78197 


9.90091 


9.88105 


10.11895 


10.09909 


10.21803 


45 


16 


1 52 


58 8 


78213 


90082 


88131 


11869 


09918 


21787 


44 


17 


1 44 


58 16 


78230 


90072 


88158 


11842 


09928 


21770 


43 


18 


1 36 


58 24 


78246 


90063 


88184 


11816 


09937 


21754 


42 


19 


1 28 


58 32 


78263 


90053 


88210 


11790 


09947 


21737 


41 


I 20 


7 1 20 


4 58 40 


9.78280 


9.90043 


9.88236 


10.11764 


10.09957 


10.21720 


40 


21 


1 12 


68 48 


78296 


90034 


88262 


11738 


09966 


21704 


39 


2Z 


1 4 


58 56 


78313 


90024 


88289 


11711 


09976 


21687 


38 


23 


56 


69 4 


78329 


90014 


88315 


11685 


09986 


21671 


37 


24 


48 


59 12 


78346 


90005 


88341 


11659 


09995 


21654 


36 


25 


7 40 


4 59 20 


9.78!J62 


9.89995 


9.88367 


10.11633 


10.10005 


10.21638 


35 


26 


32 


69 28 


78379 


89986 


88393 


11607 


10015 


21621 


34 


27 


24 


59 36 


78395 


89976 


88420 


11580 


10024 


21605 


33 


Z8 


16 


59 44 


78412 


89966 


88446 


11654 


10034 


21688 


32 


29 


8 


69 52 


78428 


89956 


88472 


11528 


10044 


21572 


31 


30 


7 


5 


9.78445 


9.89947 


9.88498 


10.11502 


10.10063 


10.21566 


30 


31 


6 59 52 


8 


78461 


89937 


88524 


11476 


10063 


21639 


29 


32 


59 44 


16 


78478 


89927 


88550 


11450 


10073 


21622 


28 


33 


59 36 


24 


78494 


89918 


88577 


11423 


10082 


21506 


27 


34 


59 28 


32 


78510 


89908 


88603 


11397 


10099 


21490 


26 


35 


6 59 20 


5 40 


9.78527 


9.89898 


9.88629 


10.11371 


10.10102 


10.21473 


25 


36 


59 12 


48 


78643 


89888 


88655 


11345 


10112 


21457 


24 


37 


59 4 


66 


78560 


89879 


88681 


11319 


10121 


21440 


23 


38 


5d 56 


1 4 


78676 


89869 


88707 


11293 


10131 


21424 


22 


39 


58 48 


1 12 


78592 


89859 


88733 


11267 


10141 


21408 


21 


40 


6 58 40 


6 1 20 


9.78609 


9.89849 


9.88759 


10.11241 


10.10151 


10.21391 


20 


41 


58 32 


1 28 


78625 


89840 


88786 


11214 


10160 


21375 


19 


42 


58 24 


1 36 


78642 


. 89830 


88812 


11188 


lond 


21368 


18 


43 


.58 16 


1 44 


78658 


89820 


88838 


11162 


10180 


21342 


17 


44 


58 8 


1 52 


78674 


89810 


88864 


11136 


10190 


21326 


16 


4d 


6 58 


5 2 


9.78691 


9.89801 


9.88890 


10.11110 


10.10199 


10.21309 


15 


46 


57 52 


2 8 


78707 


89791 


88916 


11084 


10209 


21293 


14 


47 


57 44 


2 16 


78723 


89781 


88942 


11058 


10219 


21277 


13 


48 


57 36 


• 2 24 


78739 


89771 


88968 


11032 


10229 


21261 


12 


49 


67 28 


2 32 


78756 


89761 


88994 


11006 


10239 


21244 


11 


60 


6 57 20 


5 2 40 


9.78772 


9.89752 


9.89020 


10.10980 


10.10248 


10.21228 


10 


dl 


57 12 


2 48 


78788 


89742 


89046 


10954 


10268 


21212 


9 


52 


57 4 


2 66 


78805 


89732 


89073 


10927 


10268 


21195 


8 


53 56 56| 


3 4 


78821 


89722 


89099 


10901 


10278 


21179 


7 


54 


56 48 


3 12 


78837 


89712 


89125 


10875 


10288 


21163 


6 


55 


6 56 40 


5 3 20 


9.78853 


9.89702 


9.89151 


10.10849 


10.10298 


10.21147 


1 ^^M 

6 


56 56 32 


3 28 


78869 


89693 


89177 


10823 


10307 


21131 


4 


57 


56 24 


3 36 


78886 


89683 


89203 


10797 


. 10317 


21114 


3 


58 


56 16 


3 44 


78902 


89673 


89229 


10771 


10327 


21098 


S 


59 


56 8 


3 52 


78918 


89663 


89255 


10745 


103371 


21082 


1 


60 


56 


4 


78934 


89653 


89281 


10719 


10S47| 


21066 


M lHourp.Bi.lJ 


JouTA.M. Co-siae. 


Sine. 


Co-tang, rraiigent. ICo-secantI 


Secant. M 



U7 Oe^. 



Pe^. QZ, 



_?L5*Sb 



j^og. biutts, i angeuts ana decaau*; 



•Degw. l4i. 



M 



Hourx.M. 




1 
S 
3 
4 



5 
6 
7 
8 

9 



10 
11 
12 
13 
14 



16 
16 
17 
18 
19 



20 
21 
22 
£3 
24 



25 
26 
27 
28 
29 



30 
31 
32 
33 
34 



36 
36 
37 
38 
39 



40 
41 
42 
43 
44 



56 

55 52 

56 44 
55 36 
65 28 



55 20 
55 12 
55 4 
54 56 
54 48 



54 40 
54 32 
54 24 
54 16 
54 8 



54 
53 52 
53 44 
53 36 
53 28 



53 20 
53 12 
63 4 

52 56 
52 48 



Hourp.M.I Sine. 



4 
4 
4 

4 
4 





8 

16 

24 

32 



4 

4 

4 
5 
5 



40 
48 
56 
4 
12 



9.78934 
78950i 
78967 
78983 
78999 



9.79015 
79031 
79047 
79063 
79079 



5 20 
5 28 
5 36 
5 44 
5 52 



5 



6 
6 

6 16 
6 24 
6 32 



5 



52 40 
52 32 
52 24 
62 16 
52 8 



b 62 
61 52 
51 44 
51 36 
51 28 



61 20 
61 12 
61 4 

50 56 
50 48 



6 50 40 
50 32 
60 24 
60 16 
60 8 



6 40 
6 48 

6 56 

7 4 

7 12 



5 



7 
7 
7 
7 
7 



20 
28 
36 
44 

52 



16 
8 24 
8 32 



9.7909^ 
79111 
79128 
79144 
79160 



9.79176 
79192 
79208 
79224 
79240 



9.79256 
79272 
79288 
79304 
79319 



Co-sine. 



9.89653 
89643 
89633 
89624 
89614 



9.89604 
89594 
89584 
89674 
89564 



TaD|!;ent, 



9.89281 
8930T 
89333 
89359 
89385 



9.89411 
89437 
89463 
89489 
89515 



Co-tang. 



10.10719 
10693 
10667 
10641 
10615 



10.10589 

«10563 

10637 

10511 

10485 



9.89554 
89544 
89534 
89524 
89514 



9.89504 
89495 
89485 
89475 
89465 



9.79335 
79351 
79367 
793891 
79399 



9.79415 

. 79431 

79447 

79463 

79478 



8 40 

8 4<; 

8 56 

4 

12 



9 
9 



9 20 
9 28 
9 36 
9 44 
9 52 



9.79494 
79510 
79526 
79542 
79558 



9.79573 
79589 
79605 

79621 
79636! 



9.89455 
89445 
89435 
89425 
89415 



9.89405 
89395 
89385 
89375 
89364 



9.89354 
89344 
89334 
89324 
89314 



9.89541 
89567 
89593 
89619 
89645 



9.89671 
89697 
89723 
89749 
89775 



9.89801 
89827 
89853 
89879 
8990.3 



9.89931 
89957 
89983 
90009 
90035 



9.90061 
90086 
90112 
90138 
90164 



9.89304 
89294 
89284 
89274 
89264 



9.89254 
89244 
89233 
89223 
89213 



9.90190 
90216 
90242 

90268 
90294 



10. 



Secant. 



10.10347 
10357 
10367 
10376 
10386 



10.10396 
10406 
10416 
10426 
10436 



10459 
10433 
10407 
10381 
103551 



10. 



10329 
10303 
10277 
10251 
10225 



10.10199 
10173 
10147 
10121 

10095 



10 



10069 
10043J 
10017 
09991 
09965 



10 



09939 
09914J 
09888 
09862 
09836 



10 



9.9032Q 
90346 

- 50371 
90397 
90423 



09810 
09784 
09758 
09732 
09706 



10.10446 
10456 
10466 
10476 
10486 



Co-secant 



M 



10.21066 60 
2105O 59 
21035^ 58 
210171 57 
210011 56 



10.209851 55 
20969; 54 
20953: 53 
20937 52 
20921 51 



10.10496 
10505 
10515 
10525 
10535 



10.10545 
10556 
10565 
10575 
10585 



10, 



105951 
10605 
10615 
10625 
10636 



10.209051 60 
20889' 49 
20872; 48 
20856' 47 
20840l 46 



10. 



20824 
20808 



45 
44 



20792! 43 



20776 
20760 



42 
41 



10.20744. 40 



39 
38 



20728 
20712 
206961 37 
206811 36 



10 



.206651 35 
206491 34 
20633! 33 
20617; 32 
206011 31 



10. 



10646 
10656 
10666 
10676 
10686 



10. 



10.09680 
09654^ 
09629 
09603 
09577 



10.10746 

10756 

09629^ 10767 

10777 
10787 



10696 
10706 
10716 
10726 
10736 



10 



20585: 30 

20569* 29 

20553' 28 

50537; 27 

20522' 26 



10.^0506; 25 
20490; 24 
304741 23 
20458' 22 
204421 2! 



10.20427 
20411 
20395 
20379 
20364 



20 
19 
18 
17 
16 



46 
46 
47 
48 
49 



6 60 
49 
49 
49 
49 




62 
44 
36 
28 



6 10 
10 



10 16 
10 24 
10 32 



9.79652 
79668 
79684 
79699 
79715 



9.89203 
89193 
89183 
89173 
89162 



.90449 
90475 
90501 
90527 
90553 



10.09551 
0952^ 
09499 
09473J 
09447 



10.10797 
10807 
10817 
10827 
10838 



10.20348 
20332 
20316 
20301 
20285 



15 
14 
13 
12 
11 



T^ 



60 
61 
62 
63 
64 



6 49 
49 
49 
48 
48 



66 
S6 
57 
58 
69 
60 



20 

12 

4 

66 
48 



10 40 
10 48 

10 56 

11 4 

n 12 



9.79731 
79746 
79762 
79778 
79793 



9.89152 
89142 
89132 
89122 
89112 



.90578 
90604 
90630 
90656 
90682 



10.09422 
09396 
0937Q 
09344- 
09318 



10. 



10848 
10858 
1:0868 
10878 
10888 



10.20269 

20254 
20238 
202221 
20207 



10 
9 
8 

7 



6 48 
48 
48 
48 
48 
-46 



40 
32 
24 
16 
8 
01 



11 
11 
11 
11 
11 
12 



20 
28 
36 
44 

62 




i^.79809 
79825 
79840 
79856 
79872 
79887 



M Hourp.iii> HourA.M. 
____ , 



Co-sine. 



9.89101 
89091 
89081 
89071 
89060 
89050 



9. 



90708 
90734 
90759 
90786 
90811 
90837 



10.09292 
09266 
09241 
09215 
09189 
09163 



10. 



10899 
10909 
10919 
10929 
10940 
10950 



Sine. 



Co-tang. Tangent. Co-secant 



10v20191 
^175 
20160 
20144 
20128 
20113 



Secant. 



5 
4 
3 
2 
1 




"i i I "I ■ 



]>eg». frl« 



« 




Log. Sinesy Tangents and Secants, 


1 


« 




39Degt. 










Deg. 140. 


M 


HOUFA.M. 


Honrp.M. 


Sine. 


Co-slne. 


Tangent. 


Co-tang. 


Secant. 


Co-sccani 


M 





6 48 ol 


5 12 


9.79887 


9.89050 


9.90837 


10.09163 


10.10950 


10.20113 


60 


1 


47 52 


12 8 


79903 


89040 


90863 


09137 


10960 


20097 


59 


2 


47 44 


12 16 


79918 


89030 


90889 


09111 


10970 


20082 


58 


S 


47 36 


12 24 


79934 


89020 


90914 


09086 


10980 


200G6 


57 


4 


47 28 


12 32 


79950 


89009 


90940 


09060 


10991 


20050 


56 


5 


6 47 20 


5 12 40 


9.79965 


9.88999 


9.90966 


10.09034 


10.1100] 


10.20035 


65 


6 


47 12 


12 48 


79981 


88989 


90992 


09008 


lion 


20019 


54 


7 


47 4 


12 56 


79996 


88978 


91018 


08982 


11022 


20004 


63 


8 


46 56 


13 4 


80012 


88968 


91043 


08957 


11032 


19988 


52 


9 


46 48 


13 12 


80027 


88958 


91069 


08931 


11042 


19973 


51 


10 


6 46 40 


5 13 20 


9.80043 


9.88948 


9.91095 


10.08905 


10.11052 


10.19957 


50 


11 


46 32 


13 28 


80058 


88937 


91121 


08879 


11063 


19942 


49 


IS 


46 24 


13 36 


80074 


88927 


91147 


08863 


U073 


19926 


48 


IS 


46 16 


13 44 


80089 


88917 


91172 


08828 


11083 


19911 


47 


14 


46 8 


15 52 


80105 


88906 


91198 


08802 


11094 


19895 


46 


Id 


6 46 


5 14 


9.80120 


9.88896 


9.i)1224 


10.08776 


10.11104 


10.19880 


45 


16 


45 52 


14 8 


80136 


88886 


91250 


08750 


11114 


19864 


44 


17 


45 44 


14 16 


80151 


88875 


91276 


08724 


11125 


19849 


43 


18 


45 36 


14 24 


80166 


88865 


91301 


08699 


11135 


19834 


42 


19 


45 28 


14 32 


80182 


88855 


91327 


08673 


11145 


19818 


41 


20 


6 45 20 


5 14 40 


9.80197 


9.88844 


9.91353 


10.08647 


10.11156 


10.19803 


40 


21 


45 12 


14 48 


80213 


88834 


91379 


08621 


11166 


19787 


39 


22 


45 4 


14 56 


80228 


88824 


91404 


08696 


11176 


19772 


38 


23 


44 56 


15 4 


80244 


88813 


91430 


08570 


11187 


19756 


37 


24 


44 48 


15 12 


80259 


88803 


91456 


08544 


11197 


19741 


36 


25 


6 44 40 


6 15 20 


9.80274 


9.8871)3 


9.91482 


10.08518 


10.11207 


10.19726 


35 


26 

' 27 


44 32 


15 28 


80290 


88782 


91507 


08493 


11218 


19710 


34 


44 24 


15 36 


80305 


88772 


91533 


08467 


11228 


19695 


33 


28 


44 16 


15 44 


80320 


88761 


91559 


08441 


11239 


19680 


32 


Z9 


44 8 


15 52 


80336 


88751 


91585 


08415 


11249 


19664 


31 


30 


6 44 


5 16 


9.80351 


9.88741 


9.91610 


10.08390 


10.11259 


10.19649 


30 


31 


43.52 


16 8 


80366 


88730 


91636 


08364 


11270 


19634 


29 


32 


43 44 


16 16 


80382 


88720 


91662 


08338 


11280 


19618 


28 


33 


43 36 


16 24 


80397 


88709 


91688 


08312 


11291 


19603 


27 


34 


43 28 


16 32 


80412 


88699 


91713 


08287 


11301 


19588 


26 


36 


6 43 20 


5 16 40 


9.80428 


9 88688 


9.91739 


10.08261 


10.11312 


10.19572 


25 


36 


43 12 


16 48 


80443 


88678 


91765 


08235 


11322 


19557 


24 


37 


43 4 


16 5G 


80458 


88668 


91791 


08209 


11332 


19542 


23 


3d 


42 56 


17 4 


80473 


88657 


91816 


08184 


11343 


19527 


22 


39 


42 48 


17 12 


80489 


88647 


91842 


08158 


11353 


19511 


21 


40 


6 42 40 


5 17 20 


9.80504 


9.88636 


9.91868 


10.08132 


10.11364 


10.19496 


20 


41 


42 32 


17 28 


80519 


88626 


91893 


08107 


11374 


19481 


19 


42 


42 24 


17 36 


80534 


68615 


91919 


08081 


11385 


19466 


18 


43 


42 16 


17 44 


80550 


88605 


91945 


08055 


11395 


19450 


17 


44 


42 8 


17 52 


80565 


88594 


91971 


08029 


11406 


19435 


16 


45 


6 42 


5 18 


9.80580 


9.88584 


9.91996 


10.08004 


10.11416 


10.19420 


15 


46 


41 52 


18 8 


80595 


88573 


92022 


07978 


11427 


19405 


14 


47 


41 44 


18 16 


80610 


88563 


92048 


07952 


11437 


19390 


13 


48 


41 36 


18 24 


80625 


88552 


92073 


07927 


11448 


19375 


12 


49 


41 28 


18 32 


80641 


88542 


92099 


07901 


11458 


19359 


11 


50 


6 41 20 


5 18 40 


9.80656 


9.88531 


9.92125 


10.07875 


10.11469 


10.19344 


10 


51 


41 12 


18 48 


80671 


88521 


92150 


07850 


11479 


19329 


9 


52 


41 4 


18 56 


80686 


88510 


92176 


07824 


11490 


19314 


8 


53 


40 56 


19 4 


80701 


88499 


92202 


07798 


11501 


19299 


7 


54 


40 48 


19 12 


80716 


88489 


92227 


07773 


11511 


19284 


6 


55 


6 40 40 


5 19 20 


9.80731 


9.88478 


9.92253 


10.07747 


10.11522 


10.19269 


5 


56 


40 32 


19 28 


80746 


884^8 


92279 


07721 


11532 


19254 


4 


51 


40 24 


19 36 


80762 


88457 


92304 


07696 


11543 


19238 


3 


58 


40 \Q 


19 44 


80777 


88447 


92330 


07670 


11553 


19223 


2 


59 


40 8 


19 52 


80792 


88436 


92356 


07644 


11564 


19208 


1 


GO \ 
M 1 


40 


20 80807 


88425 


92381 


07619 


11575 


19193 





Hourp.M.' 


Houfa-m/ Co-sine. 


Sine. 


Co-tang. 


Tanj^ent. 


Co-«ecnnt 


Secant. 1 M » 


129 l^egs. 


. 










Deirs. 50. 



9 



40 Pegs . 
"M HourA.M. Hourp. 



Log. Sines, Tangents and Secants. 



Pegs. 139. 




1 

2 
3 
4 



5 
6 
7 
8 
9 

10 
11 
J2 
13 
14 

Id 
16 
17 
18 
19 



20 
21 

22 
23 
24 



25 
26 
27 
28 
29 



30 
31 
32 
33 
34 

36 
36 
37 
38 
39 



40 
41 

42 
43 
44 



45 

46 
47 
48 
49 



50 
51 

62 
63 

54 

55 
66 
67 
68 
69 
60 



M 



40 
39 62 
39 44 
39 36 
39 28 



39 20 
39 12 
39 4 
38 56 
33 48 



38 40 
38 32 
38 24 
38 16 
38 8 



6 33 
37 62 
37 441 
37 36 
37 28 



37 20 
37 12 
37 4 
36 56 
36 48 



36 40 
36 32 
36 24 
36 16 
36 8 



6 36 
35 52 
35 44 
35 36 
35 28 



35 20 
35 12 
35 4 

34 66 
34 48 



34 40 
34 32 
34 24 
34 16 
34 8 



34 
•33 62 
33 44 
33 36 
33 28 



33 20 
33 12 
33 4 
32 66 
32 48 



32 40} 
32 32 
32 24 
32 16 
32 8 
32 



20 
20 
20 
20 
20 




8 

16 
24 
32 



Sine. 



20 
20 
20 
21 
21 



40 
48 
56 
4 
12 



5 



21 
21 
21 
21 
21 



20 

28 
36 
44 

52 



22 
22 
22 
22 
22 





8 

16 

24 

32 



22 
22 
22 
23 
23 



40 

48 

56 

4 

12 



^ 23 
23 
23 
23 
23 



20 

28 
36 
44 
52 



5 24 
24 
24 

24 



5 24 
24 
24 
25 
25 





8 

16 

24 

32 

16 

48 

56 

4 



9.80807 
80822 
80837 
80852 
80867 



9.80882 
80897 
80912 
80927 
80942 



Co-sine. 



9.80957 
80972 
80987 
81002 
81017 



9.81032 
81047 
81061 
81076 
81091 



9.81106 
81121 
81136 
81151 
81166 



9.81180 
81195 
81210 
81225 
81240 



9.81254 
81269 
8! 284 
81299 
81314 



9.81328 
81343 
81358 
81372 

12! 81387 



5 25 

26 
25 
25 
25 



20 
28 
36 
44 
62 



26 
26 
26 
26 
26 





8 

16 

241 
32 



26 
26 
26 
27 
27 



40 
48 
56 
4 
12 



27 
27 
27 
27 
27 
28 



20 
28 
36 
44 
52 




Hourp .M. HourA.M. Co-sine. 



9.81402 
81417 
81431 
81446 
81461 



1.81475 
81490 
81505 
81519 
81534 



.81549 
81563 
81578 
81592 
81607 



.81622 
81636 
81651 
81665 
81680 
81694 



9.88425 
88415 
88404 
88394 
88383 



Tangent.| Co-tang.| Secant 



9.88372 
88362 
88351 
88340 
88330 



9.88319 
88308 
88298 
88287 
88276 



9.88266 
88255 
88244 
88234 

88223 



9.88212 
88201 
88191 
88180 
88169 



9.88158 
88148 
88137 
88126 
88115 



9.88W5 
88094 
88083 
88072 
88061 



9.88051 
88040 
88029 
88018 
88007 



9.87996 
87985 
87975 
87964 
87953 



9.87942 
87931 
87920 
87909 
87898 



9.87887 
87877 
87866 
87856 
87844 



9.87833 
87822 
87811 
87800 
87789 
87778 



9.92381 
92407 
92433 
92458 
924841 



9.92510 
92535 
92561 
92587 
92612 



9.92638 
92663 
92689 
92715 
92740 



9.92766 
92792 
92817 
92843 
92868 



9.92894 
929201 
92945 
92971 
92996 



9.93022 
93048 
93073 

93099 
93124 



9.93150 
93175 
93201 
93227 
93252 



9.93278 
93303 
93329 
93354 
93380 



9.93406 
93431 
93457 
93482 
93508 



10.07619 
07593 
07567 
. 07542 
07516 



10.07490 
07465 
07439 
07413 
07388 



10.07362 
07337 
07311 
07285 
07260 



10.07234 
07208 
071831 
07167 
07132 



10.07106 
07080 
07055 
07029 
07004 



10.06978 
06952 
06927 
06901 
06876 



10.0685010 
06825 
06799 
06773 
06748 



10.06722 
06697 
06671 
06646) 
06620 



9.93633 
93559 
93584 
93610 
93636 



9.93661 
93687 
93712 
93738 
937631 



10.06594 
06569 
06543 
06518 
06492 



10.06467 
06441 
06416 
06390 
06364 



10.06339 
06313 
06288 
062^ 
06237 



9.93789 
93814 
93840 
93865 
93891 
93916! 



10.06211 
06186 
06160 
06136 
06109 
06084 



10. 



10. 



10. 



10 



10. 



10. 



10, 



10 



10 



10 



10 



1575 
1585 
1.596 
1606 
1617 



1628 
1638 
1649 
1660 
1670 



1681 
1692 
1702 
1713 
1724 



Co-secant M 



10.19193 
19178 
19163 
19148 
19183 



10.19118 
19103 
19088 
19073 
19058 



10.19043 
19028 
1^013 
18998 
18983 



173410.18968 



1745 
1756 
1766 
1777 



1788 
1799 
1809 
1820 
1831 



18963 
18939 
18924 
18909 



10.18894 
18879 
188641 
18849 
188341 



1842 
1852 
1863 
1874 
1885 



1896 
1906 
1917 
1928 
1939 



1949 
1960 
1971! 
1982 
1995 



2Q04 
2015 
2025 
2036 
2047 



2058 

2069 

20801 

2091 

2102 



2113 
2123 
2134 
2146 
2166 



2167 
2178 
2189 
2200 
2211 
2222 



ISO Pegs. 



Sine. Co-tang.i Tangent Co 



10 



.18820 
18805 
18790 
18775 
18760 



10 



.18746 
18731 

•18716 
18701 
18686 



10 



.18672 
18657 
18642 
18628 
18613 



60 
69 
68 
57 
66 



65 
54 

63 
52 
51 



50 

49 
48 
47 
46 



45 
44 

43 
42 
41 



40 
39 
38 
37 
36 



3d 
34 
33 
32 
31 



30 
29 
28 
27 
26 



25 
24 
23 
22 
21 



10 



18598 

185831 

18669 

18564 

18639! 



10.18626 
18510 
18496 
18481 
18466 



10 



18451 
18437 
184:22 
18408 
18593 



20 
19 
18 
17 
16 



15 
14 
13 
12 
11 



10. 



18378 
18364 
18349 
18335 
18320 
1^306 



10 
9 
8 
7 
6 



5 
4 
3 
2 

1 




secant Secant. ' M 
Degs. 49. 









Log. Singly Taagents and Secants, 








41 


Degs. 






Degs. 188. 


— i- 


M 




iHourA.H 


Hourp.M. Sine. 


1 Co-stne. 


TAqgent. 


Co-tang. 


Secant. 


Co-secaiitf M 


1 


6 32 € 


5 28 ol 9.816941 9.87778 


9.^S916 


10.06084 


10.12222 


10.18306 


60 




1 


31 62 


28 8 81709 


87767 


93942 


06068 


12233 


18291 


59 




2 


31 44 


^ 28 16r 81723 
^8 24 81738 


87756 


93961 


06033 


12244 


18277 


58 




3 


31 36 


8774fi 


93993 


' 06007 


12266 


18262 


57 




4 


31 28 


28 32 


81752 


87734 


94018 


06982 


12266 


18248 


66 




5 


6 31 20 


1 5 28 4€ 


9.81767 


9.87723 


9.94044 


10.05966 


10.12277 


10.18233 


65 


6 


31 12 


28 48 


81781 


87712 


94069 


06931 


12288 


18219 


64 




7 


31 i 


28 56 


81796 


87701 


94095 


06905 


12299 


18204 


53 




8 


30 56 


29 4 


81810 


87690 


94120 


05880 


12310 


18190 


62 




9 


SO 48 


29 IS 


81825 


87679 


94146 


05864 


12321 
10.12332 


18176 


61 




10 


6 30 40 


5 29 20 


9.81839 


9.87668 


9.94171 


10.06829 


10.18161 


50 


11 


30 33 


29 28 


81854 


87667 


94197 


06803 


12343 


18146 


49 




12 


30 24 


29 36 


81868 


87646 


94222 


06778 


12354 


18132 


48 




13 


30 16 


29 44 


81882 


87635 


94248 


06762 


12365 


18118 


47 




14 


30 8 


29 52 


81897 


87624 


94273 


06727 


12376 


18103 


46 
45 




15 


6 30 


5 30 


9.81911 


9.87613 


9.94299 


10.06701 


10.12387 


10.180U9 


16 


29 52 


30 8 


81926 


87601 


94324 


06676 


12399 


18074 


44 




17 


29 44 


30 16 


81940 


87590 


94350 


05660 


12410 


. 18060 


43 




18 


29 36 


30 24 


81955 


87579 


94376 


06026 


12421 


18046 


42 




19 


29 28 


30 32 


81969 


87668 


94401 


05599 


12432 


18031 
10.18017 


41 




20 


6 29 20 


5 30 40 


9.81983 


9.87557 


9.94426 


10.06574 


10.12443 


40 


21 


29 12 


30 48 


81998 


87646 


94452 


06548 


12454 


11i002 


39 




22 


29 4 


30 56 


82012 


87635 


94477 


06523 


12466 


17988 


38 




23 


28 56 


31 4 


82026 


87524 


94503 


06497 


12476 


17974 


37 




24 


28 48 


31 12 


82041 


87513 


94528 


06472 


12487 


17959 


36 




25 


6 28 40 


5 31 20 


9.82055 


•9.87501 


9.94564 


10.05446 


10.12499 


10.17946 


35 


26 


28 32 


31 28 


82069 


87490 


94579 


05421 


12610 


17931 


34 




27 


28 24 


31 36 


82084 


87479 


94604 


06396 


12621 


17916 


33 




28 


28 16 


31 44 


82098 


87468 


94630 


06370 


12532 


17902 


32 




29 


28 8 


31 52 


82112 


87457 


94666 


06346 


12643 


17888 


31 
30 




30 


6 !^8 


5 32 


9.82126 


9.87446 


9.94681 


10.05319 


10.12564 


10.17874 


31 


27 52 


32 8 


82141 


87434 


94706 


05294 


12666 


17859 


29 




32 


27 44 


32 16 


82155 


87423 


94732 


05268 


12577 


17846 


28 




33 


27 36 


32 24 


82169 


87412 


94767 


06243 


12588 


17831 


27 




34 


27 28 


32 32 


82184 


87401 


, 94788 


05217 


12699 


17816 


26 




35 


6 27 20 


5 32 40j 


9.82198 


9.87390 


9.94808 


10.05192 


10.12610 


10.17802 


26 


36 


27 12 


32 48 


82212 


87378 


94834 


05166 


12622 


17788 


24 




37 


27 4 


32 56 


82226 
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